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1
General introduction
In the early years of life, the worlds of young children are full of mysterious
sounds (phonemes) and symbols (letters). When children learn to read, they make
use of their knowledge of spoken language. Phonological knowledge is vital, because
learning to read involves mapping newly-learned graphemes onto already known
phonemes. Because difficulties in reading and learning to read can cause major
problems, for both children and adults, learning to read is a key goal in the early
years of elementary school. Understanding literacy development is therefore impor-
tant from both a theoretical perspective and an educational perspective. Insight in
individual differences before and during the process of learning to read is critical
to provide every child with the optimal opportunities to become literate. If precur-
sors to literacy are clear, potential reading problems can be assessed, identified and
intervened early. Insight in the underlying interrelations between these predictors
to early literacy can shed light on individual differences in the development of the
precursors and hence in the process of learning to read.
A vast amount of research has therefore looked into phonological precursors to
literacy, attempting to establish which (phonological) factors predict successful read-
ing and reading acquisition (Bradley & Bryant, 1983; De Jong & Van der Leij, 1999;
Ehri et al., 2001; Kuhl et al., 2008; Stanovich, 1992; Verhoeven, Van Leeuwe, &
Vermeer, 2011; Wagner & Torgesen, 1987). Although these studies have shown that
children make use of knowledge about spoken language when they are learning to
read, there is still debate about what aspects of phonological knowledge are espe-
cially of importance in this process. For example, it seems that phonological pro-
cessing and early literacy development are related to the phonological richness and
specificity of how words are represented in the mental lexicon (Hulme & Snowling,
2009; Metsala & Walley, 1998; Perfetti & Hart, 2002). It remains unclear, however,
how this phonological richness and specificity is reflected in performance on differ-
ent phonological tasks, and how it predicts early literacy. The present dissertation
therefore asks what role the phonological richness and specificity of lexical represen-
tations (i.e., lexical specificity) plays in early literacy development. Specifically, this
dissertation focuses on the role of the ability to learn new detailed representations
in learning to read.
Measures of early language
Although much emphasis is on learning to read in the first years of elementary
school, the importance of being able to read does not stop there: it is important
in elementary school, high school, higher education and in both work and private
aspects of adult life. Reading skills not only matter for language-related subjects,
but also for all other subjects (e.g., being able to read a mathematics problem or a
history book). Not surprisingly, early literacy is a strong indicator of later literacy,
reading success and general school success (Braze, Tabor, Shankweiler, & Mencl,
2007; Verhoeven, Van Leeuwe, & Vermeer, 2011). Vocabulary, letter knowledge and
2
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word decoding are measures that are usually considered to be of most importance
for early and later (academic) success, and are therefore studied here.
The development of the mental lexicon is crucial for communication and learn-
ing throughout life. Benefits of a strong vocabulary are apparent in native and
non-native speakers over a large age range. For instance, vocabulary is related to
emergent literacy, reading comprehension and reading ability, as well as to more
general academic success (Biemiller, 2006). In kindergarten and the early years
of elementary school, vocabulary is a predictor for print decoding skill (Garlock,
Walley, & Metsala, 2001), for word decoding, visual word recognition, and reading
comprehension (Ouellette & Beers, 2010; Ouellette, 2006), and thus also for emer-
gent literacy (Verhoeven, Van Leeuwe, & Vermeer, 2011; Verhoeven & Van Leeuwe,
2008). Even in 16- to 24-year-olds, vocabulary still predicts reading comprehen-
sion (Braze et al., 2007). However, children show large individual differences in
vocabulary, especially before they start kindergarten (Stoel-Gammon, 2011). Many
phonological and non-phonological factors (e.g., home literacy and socioeconomic
status (Leseman & De Jong, 1998) and print exposure (Mol & Bus, 2011)) have
been reported to contribute to vocabulary development, and there is ample evi-
dence that phonological and lexical development are related (Stoel-Gammon, 2011).
For example, toddlers who are considered late talkers show a delay in lexical de-
velopment and have smaller vocabularies (Stoel-Gammon, 1991). Moreover, even
at age 8, late talkers show lower performance on vocabulary and other language,
reading and spelling tests, as well as lower activation in neural circuits underlying
speech and print processing during these tests (Preston et al., 2010). A study with
precocious talkers, on the other hand, showed that these children have larger vo-
cabularies and better phonological performance (e.g., correct pronunciations) than
their age-matched and vocabulary-matched peers, suggesting that vocabulary size is
more closely related to toddlers’ lexical development than chronological age (Smith,
McGregor, & Demille, 2006).
When describing or assessing vocabulary, a distinction can be made between vo-
cabulary breadth and vocabulary depth. This distinction is derived from models
of the mental lexicon and takes into account both the lexical-phonological and the
semantic aspects of lexical representations (Ouellette, 2006). Vocabulary breadth
refers to how many words a person knows, while vocabulary depth refers to how well
the person knows those words. Vocabulary breadth can be measured by receptive
tasks in which children point out which picture matches auditorily presented words.
Breadth scores thus reflect the number of words known to a child. Vocabulary depth
can be assessed by tasks in which children describe or define words, thus reflecting
how much knowledge the child has about particular words. Breadth and depth of
vocabulary develop differently and relate in different ways to other language mea-
sures. In fourth grade students, for example, receptive vocabulary breadth predicts
word decoding, expressive vocabulary breadth predicts visual word recognition and
vocabulary depth predicts reading comprehension (Ouellette, 2006).
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Letter knowledge is also an important aspect of early literacy. Knowledge of letter
names and of letter sounds are related to each other and to early word reading
skills (Bond & Dykstra, 1967; Ehri, 1998; Hulme, Bowyer-Crane, Carroll, Duff,
& Snowling, 2012; Lervag, Braten, & Hulme, 2009). To learn to read, children
have to master the alphabetic principle: they should understand that individual
letters (or combinations thereof) in printed words can be mapped onto individual
phonemes in spoken words (Byrne, 1998). Both knowledge of letter sounds and
access to phonemic representations of speech are crucial for learning to read (Byrne
& Fielding-Barnsley, 1989; Lervag et al., 2009). The arbitrary relations that involve
learning letter names and sounds and learning about arbitrary visual-phonological
mappings are related (Hulme, Goetz, Gooch, Adams, & Snowling, 2007). Letter
sound knowledge, or receptive letter knowledge, is measured by recognizing target
letters among distracter letters in a passive task, whereas letter name knowledge,
or expressive letter knowledge, involves naming letters in an active task (De Cara &
Goswami, 2003a). Letter sound and letter name knowledge develop differently and
tap into different systems. They have different developmental trajectories (Treiman
& Broderick, 1998): letter sound knowledge is a stronger predictor of phonological
awareness and early reading skills than letter name knowledge (Barron et al., 1992;
Burgess & Lonigan, 1998; Mann & Foy, 2003; Treiman & Broderick, 1998).
Word decoding, another important measure of early and later literacy and aca-
demic success, is the ability to sound out written words. To be able to do this,
knowledge of the relations between letters and phonemes is necessary. Better word
decoding skills early in elementary school predict better word decoding skills later
in elementary school, as well as larger vocabulary and better reading comprehen-
sion (Verhoeven, Reitsma, & Siegel, 2011). Children with reading difficulties show
substantial deficits in word decoding and reading comprehension (Gough & Tun-
mer, 1986; Perfetti & Hogaboam, 1975). Children who have lower or less automated
knowledge of letter-phoneme relations will have lower word decoding skills, leading
to lower comprehension skills. Letter knowledge is a crucial precursor to word de-
coding: to sound out written words, knowledge of letters is essential (Ehri, 1998;
Hulme et al., 2012; Melby-Lervag, Lyster, & Hulme, 2012).
Phonological precursors to vocabulary and early literacy
development
These three measures of early language are, as just summarized, important for
later childhood and adult life. But how do they develop? Which kindergarten
skills in turn predict early language? Many phonological precursors to vocabulary
and early literacy skills have been recognized, ranging from more perceptual factors
(e.g., speech decoding) to more metalinguistic factors (e.g., phonological awareness),
and from more explicit measures, (e.g., phonological awareness), to more implicit
measures (e.g., rapid automatized naming, phonological short-term memory; Melby-
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Lervag et al., 2012). Five phonological precursors to vocabulary and early literacy
development are considered in this dissertation, namely, speech decoding, phono-
logical awareness, phonological short-term memory, rapid automatized naming, and
trainability in lexical specificity.
Speech decoding skill, that is, the ability to categorize the acoustic information
in the continuous speech stream into discrete units, is necessary to be able to learn
words, to develop a lexicon and to recognize spoken words. It is often measured by
phoneme discrimination tasks. Problems with speech perception and decoding may
well be a cause of reading difficulties (Manis, Seidenberg, & Doi, 1999). Children
learn the phonemic categories of their native language at a very young age, and
when they are ten months old, infants are already less sensitive to irrelevant con-
trasts (Werker & Tees, 1984). This sensitivity to irrelevant phonemic categories is
negatively correlated with later language success (Kuhl et al., 2008; Kuhl, Conboy,
Padden, Nelson, & Pruitt, 2005): dyslexic children are more sensitive to irrelevant
phonemic contrasts (Serniclaes, Van Heghe, Mousty, Carré, & Sprenger-Charolles,
2004). Speech decoding is also related to vocabulary: better speech decoders at 12
months have larger expressive vocabularies at 24 months and perform better on lan-
guage and vocabulary tasks in kindergarten (Newman, Ratner, Jusczyk, Jusczyk,
& Dow, 2006). Recently, Kooijman, Junge, Johnson, Hagoort, & Cutler (2013)
showed that speech decoding skills of 7 months old Dutch children were related to
their vocabulary and language production at age 3. This effect seems to be limited
to one time window in vocabulary development, though, because Junge & Cutler
(2014), in a very similar study, did not find this relation with vocabulary at age 5.
Nevertheless, it is clear that children’s speech decoding skill and their sensitivity for
(ir)relevant categories play an important role in language development.
Phonological awareness is defined as the ability to consciously manipulate and
reflect upon speech sounds. To become phonologically aware, children have to
focus their attention on the perceptual representations of speech. Phonological
awareness develops from larger to smaller sound units, e.g., from syllables to rimes
to phonemes (Anthony, Lonigan, Driscoll, Phillips, & Burgess, 2003). Phonologi-
cal awareness comprises several distinct skills (e.g., phonological awareness versus
phoneme awareness), which can be measured in separate tasks (e.g., rhyme aware-
ness, phoneme identification, phoneme deletion). Different aspects of phonological
awareness are closely related to different aspects of literacy acquisition, such as
vocabulary, word decoding, and reading comprehension (Bradley & Bryant, 1983;
Ehri et al., 2001; Vloedgraven & Verhoeven, 2007; Ziegler & Goswami, 2005) and
training phonological awareness enhances early literacy skills (Bradley & Bryant,
1985). In the literature, there are three different positions concerning the relation-
ship among these parts of phonological awareness (Melby-Lervag et al., 2012). The
first position is that rhyme awareness - as opposed to phonemic awareness - is crit-
ical for learning to read and that phonemic awareness is a by-product of having
learned to read, meaning that it will not develop before the child learns to read
5
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(Goswami & Bryant, 1990; Ziegler & Goswami, 2005). The second view is that
phonemic awareness is not a by-product or consequence of learning to read, but
that it is actually critical for early literacy (Hulme, Caravolas, Malkova, & Brig-
stocke, 2005). The third view is that rhyme awareness and phoneme awareness are
both important aspects of the unitary skill phonological awareness. According to
this view, distinguishing between difference aspects of phonological awareness is not
relevant (Anthony & Lonigan, 2004; Papadopoulos, Spanoudis, & Kendeou, 2009).
Phonological awareness is also closely related to vocabulary (Bowey & Patel, 1988;
Chaney, 1992; Metsala & Walley, 1998): vocabulary is a predictor of phonological
awareness (Metsala, 1999; Wagner, Torgesen, & Rashotte, 1994). However, this re-
lationship is probably bi-directional (Ehri, 2005), because discriminating between
words is helped by awareness of speech sound units, which fosters word learning.
Phonological short-term memory (STM) is the ability to temporarily store and
manage phonological information. It is crucial to the development of vocabulary, let-
ter knowledge and word decoding (Baddeley, 2003; De Jong & Olson, 2004; De Jong
& Van der Leij, 1999; Swanson, Zheng, & Jerman, 2009; Torppa, Poikkeus, Laakso,
Eklund, & Lyytinen, 2006). For example, children with reading disabilities show
substantial short-term and working memory difficulties, compared to average read-
ers (Swanson et al., 2009). Two views on the relation between STM and early
literacy exist (Melby-Lervag et al., 2012). First, this relation may be direct and dis-
tinct from other phonological precursors (Gathercole & Baddeley, 1993; Torgesen
& Burgess, 1998; Wagner & Torgesen, 1987). According to this view, the ability to
process phonological information in memory efficiently is crucial for various phono-
logical processes that are involved in learning to read words. To be able to segment
and blend phonemes, for example, STM is essential. Second, others suggest that
the relation between STM and early literacy is indirect and mediated by under-
lying phonological skills (Melby-Lervag et al., 2012; Wagner, Torgesen, Laughon,
Simmons, & Rashotte, 1993). According to these researchers, the relation between
STM and early literacy disappears once underlying phonological skills that con-
tribute to STM and learning to read are controlled. For example, both STM and
phonological awareness tasks involve access to phonological representations. There-
fore, it could be the case that relations between STM and early literacy are reducible
to the more fundamental relationship between the quality of underlying phonological
representations and early literacy (Metsala, 1999).
Rapid automatized naming (RAN) reflects the ability to rapidly retrieve and pro-
duce names of objects and more specifically the speed with which this is done. RAN
tasks can involve naming of letters, digits, objects or colors. RAN is more difficult
for children with reading impairments (i.e., they are slower than average readers;
Denckla & Rudel, 1974), it is more related to reading speed than to reading accuracy
(Savage & Frederickson, 2005) and it is a more important precursor for poorer than
for better readers (T. C. Johnston & Kirby, 2006; Lervag et al., 2009; McBride-
Chang & Manis, 1996). Different views exist about what RAN actually reflects:
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either phonological retrieval speed (Bowey, 2005; Manis et al., 1999; Mayringer &
Wimmer, 2000), cognitive speed (Wolf & Bowers, 1999; Kail & Hall, 1994), or vi-
sual discrimination speed (Lervag et al., 2009; Wolf & Bowers, 1999). There are also
different claims about the extent to which RAN is a distinct task or shares variance
with other phonological tasks. It could share variance with other phonological tasks
(e.g., phonological awareness, phonological short-term memory; Torgesen, Wagner,
Rashotte, Burgess, & Hecht, 1997), or it could be a distinct phonological factor
(Bowey, 2005; Denckla & Rudel, 1974; Wagner et al., 1997; Wolf & Bowers, 1999).
There could be a developmental aspect to this: kindergarten RAN and phonological
awareness both independently predict reading, but phonological awareness is more
important in kindergarten and first grade, whereas RAN is more important in later
grades (Parrila, Kirby, & McQuarrie, 2004).
Lexical specificity is defined as the phonological richness and specificity of repre-
sentations in the mental lexicon, or to put it differently, knowledge about how words
ought to sound. It has been shown to influence phonological awareness, vocabulary,
non-word repetition, print decoding, reading comprehension and hence emergent
literacy (Elbro, Borstrom, & Petersen, 1998; Metsala & Walley, 1998; Perfetti, 2007;
Fowler, 1991; Rispens & Baker, 2012). Hence, to become phonologically aware, the
phonological structure of children’s lexical representations has to be specified to a
certain extent (Elbro et al., 1998). Poorly specified representations may be an un-
derlying problem in dyslexia. Adults who were diagnosed with dyslexia as a child
have less specified phonological representations of words and, in a vocabulary task,
are less able to discriminate between similar-sounding words than normal reading
adults (Elbro, Nielsen, & Petersen, 1994). Dyslexic adolescents perform worse than
reading-level-matched controls on learning new words and learning new variants of
known words (Elbro & Jensen, 2005).
The phonological specificity of lexical representations is difficult to assess: children
cannot be asked to indicate directly how specific their representations are. There-
fore, several indirect measures have been used to assess lexical specificity, including
frequency, phonological similarity, and age of acquisition analyses (e.g., Garlock et
al., 2001). More direct attempts have mostly used production measures, for exam-
ple, a phonological distinctness task to elicit children’s most distinct pronunciation
of representations (Elbro et al., 1998). However, these methods still evoke indirect
assessments of the representations. To circumvent this problem and to rule out
unwanted effects of frequency or age of acquisition, novel representations could be
examined. For example, Rispens & Baker (2012) used non-words in a perceptual
discrimination task to measure the quality of new phonological representations. Al-
though the use of non-words provides more experimental control, it may still not be
satisfactory to study lexical specificity. Therefore, the studies in this dissertation
assess trainability in lexical specificity. Teaching children new words that phono-
logically differ minimally from each other offers a measurable and relatively direct
assessment. Thus, even though a direct assessment of the representations is nearly
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impossible, this method does provide an objective measure of how easy it is for
children to acquire specific lexical representations. It not only measures whether
children formed representations of the new words, but also whether the representa-
tions are specific enough that children can discriminate between those new, similar
words.
As should now be apparent, these five phonological precursors to vocabulary and
early literacy development are all related to each other, individually as well as jointly
influencing the process of learning to read. The development of these skills, and
their individual and joint influence on reading acquisition, thus co-occurs and co-
exists. The relations among phonological precursors have been studied extensively,
with results depending on, amongst others, the age of participants and the factors
included in the analyses. For example, reading acquisition is predicted by phono-
logical awareness and RAN, with each of these precursors being the most powerful
predictor in different developmental periods (Parrila et al., 2004). One study showed
that word decoding skill is predicted by phonological awareness and vocabulary, the
latter also predicting phonological awareness itself (Garlock et al., 2001), another
study showed that word decoding skill is predicted by phonological awareness, and
both word decoding and phonological awareness are predicted by lexical specificity
(Elbro et al., 1998), and another study showed that word decoding is predicted
by phonological awareness, which is predicted by phonological short-term memory
(De Jong & Van der Leij, 1999). Several studies show that phonological awareness,
specifically the explicit access to the phoneme level, is predicted by lexical specificity
in older children, which in turn is predicted by vocabulary size (Metsala & Walley,
1998; Stoel-Gammon, 2011; Munson, Edwards, & Beckman, 2011), but other studies
show that toddlers already have phonetically well-specified lexical representations
(Swingley & Aslin, 2000).
The acknowledgement that phonologically rich, well-specified lexical representa-
tions play an important role in the process of learning to read is captured in three
theories that describe the nature of this relation. First, the heart of the phonolog-
ical representations hypothesis is that a basic deficit of reading impaired children
is that their mental lexicons contain phonologically underspecified representations
(Hulme & Snowling, 2009; Szenkovits & Ramus, 2005). Because of these underspec-
ified representations, children perform less well on phonological and reading-related
tasks. Second, the lexical quality hypothesis states that not only the sound structure
of a representation should be adequately stored, but also its spelling and mean-
ing (Perfetti & Hart, 2002; Perfetti, 2007). Representations with precise, flexible,
qualitatively good phonology, orthography and semantics will be accessed and used
adequately. According to this hypothesis, children with reading problems often
show less lexical quality. Third, the lexical restructuring model highlights the de-
velopment of lexical representations from more global or holistic to more segmented
(Metsala & Walley, 1998). This change happens gradually, over time, due to lexical
restructuring, and is word-specific. An important point of the lexical restructuring
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model is that the lexical representations become more specified as a child’s vocab-
ulary grows. Difficulties with phonological processing, phonological awareness and
learning to read are a result of deficits in the specification or restructuring of repre-
sentations. These theories thus differ in their focus and scope, but have in common
that they designate phonologically well-specified representations to be highly im-
portant in phonological and lexical development and in learning to read.
The current dissertation
In summary, well-specified phonological representations seem to be important for
the development of a vocabulary and in learning to read. As discussed, several
phonological factors have been found to influence or predict early literacy. These
phonological precursors likely play a role in the development or access to the well-
specified phonological representations that are necessary for lexical development
and learning to read. However, there seems to be a missing link. This dissertation
explores whether trainability in lexical specificity might be the missing piece of the
puzzle, that is, the factor which brings all the phonological precursors together. The
main research question of this dissertation, therefore, is:
What is the role of the ability to learn phonologically rich and specific
lexical representations (i.e., trainability in lexical specificity) in early
literacy?
The causal role of lexical specificity in normal early literacy is explored by means
of three sub-questions:
1. Can lexical specificity be trained by mimicking the lexical restructuring pro-
cess?
2. Does lexical specificity training foster early literacy more than non-phonological
training?
3. How does trainability in lexical specificity predict vocabulary and early literacy
development?
All children that participated in the studies included in this dissertation were mono-
lingual speakers of Dutch. None of them had neurological or language-related prob-
lems. Insight in language and literacy development in normally developing children
will pave the way for research into language and literacy development in children
at-risk for language problems or any other factors. Similarly, insight in individual
differences in monolingual language development is necessary to explain individual
differences in multilingual development. Because this dissertation focuses on early
literacy development, most studies were performed in kindergarten classes, as well
as some studies in first grade.
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The ability to learn phonologically similar words and to discriminate between
them was measured using the trainability in lexical specificity paradigm. This
paradigm mimics the lexical restructuring process for a limited set of words, by
teaching children new spoken words, using pictures, in a word learning game. The
stimuli were all existing Dutch words that were unfamiliar to children of kinder-
garten age. Stimuli were grouped into quadruplets of three unfamiliar words and
one familiar word, with subtle acoustic-phonetic differences: two unfamiliar target
words differing in one acoustic-phonetic difference (e.g., raap [turnip], raat [hon-
eycomb]), one unfamiliar control word (e.g., raaf [raven]) and one familiar control
word (e.g., raam [window]), both differing two acoustic-phonetic differences with
both target words. Over the course of the task, difficulty increased gradually, in two
ways: both the number of acoustic-phonetic feature differences and the familiarity
of the words decreased gradually. The phonetic feature contrast type (i.e., manner
of articulation, place of articulation, voicing) and the phonetic feature contrast posi-
tion (i.e., initial phoneme, final phoneme) were manipulated, to investigate whether
children are more sensitive to subtle phonetic differences of a particular contrast
type, and whether children are more sensitive to subtle phonetic differences at the
beginnings of words than at the ends of words. The task consisted of a training
phase, in which children first encountered the new words, and a test phase, which
assessed whether children had learned the specific one-feature difference between
the two words of each pair.
When possible, standardized tests that are used in elementary schools were used
to measure the other phonological precursors to literacy and the measures of early
literacy. For example, the Screeningstest voor Taal- en Leesproblemen [Diagnostic
Test for Language and Literacy Problems] (Verhoeven, 2005) was used to assess rapid
automatized naming and phonological short-term memory, and the Screeningsin-
strument Beginnende Geletterdheid [Diagnostic Instrument for Emergent Literacy]
(Vloedgraven, Keuning, & Verhoeven, 2009) was used for phonological awareness
and letter knowledge measures. The use of standardized tests promotes educational
and ecological validity, which is especially important when studying such factors as
early literacy.
The goal of this project was to analyze thoroughly the role of lexical specificity
among other phonological precursors to early literacy. Several designs (i.e., a pretest-
posttest control group design, and cross-sectional and longitudinal designs) and
several analysis methods were therefore used (i.e., structural equation modelling,
multiple hierarchical regression analyses, analyses of variance). As Lervag et al.
(2009) point out, because cross-sectional studies have provided ample evidence about
the process of learning to read, longitudinal and training studies should now be the
focus of reading research.
Chapter 2 addresses research questions 1 and 2. It describes a training study in-
vestigating the causal effects of lexical specificity training on phonological awareness
(i.e., rhyme awareness, phoneme identification) and speech decoding (i.e., phoneme
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discrimination) in the first year of kindergarten. In this study, using a pretest-
posttest control group design, one experimental group received lexical specificity
training and one control group received nonphonological numeracy training. Chil-
dren in the experimental group learned new words that phonologically differed min-
imally from each other, while children in the control group learned new words that
referred to numeracy concepts.
Research question 3 is addressed by one large longitudinal study, in which the same
children were followed from the first year of kindergarten until first grade. Four sub-
studies, the studies in Chapters 3 to 6, investigated different aspects of early literacy
development at different moments in developmental time. Chapter 3 describes a
study in which the interrelations between precursors to literacy in the first year of
kindergarten were more closely investigated. Using structural equation modelling,
the relations among phonological short-term memory, phonological awareness (i.e.,
rhyme awareness), receptive vocabulary size and trainability in lexical specificity
were assessed. Specifically, the role of trainability of lexical specificity as a mediator
between the other factors was explored.
In the study described in Chapter 4, the influence of trainability in lexical speci-
ficity on letter knowledge development was investigated. The unique predictive value
of trainability in lexical specificity in the first year of kindergarten on receptive and
expressive letter knowledge in the second year of kindergarten, over other known
phonological precursors (i.e., rapid automatized naming, phonological short-term
memory, speech decoding and phonological awareness), was assessed.
Chapter 5 presents a study on the role of trainability in lexical specificity on vo-
cabulary development, and compared that to the effects of other phonological pre-
cursors. It explored the relative predictive values of trainability in lexical specificity,
speech decoding and phonological awareness in the second year of kindergarten on
vocabulary breadth and vocabulary depth in the second year of kindergarten and
in first grade. Furthermore, the unique predictive value of trainability in lexical
specificity - over vocabulary breadth and the other phonological precursors - in the
second year of kindergarten on vocabulary depth in first grade was assessed.
Finally, Chapter 6 describes the full longitudinal study. This study shed light on
the interrelations between and causal contributions of phonological factors in learn-
ing to read by following children’s performance from the first year of kindergarten
until first grade. Four phonological precursors (i.e., trainability in lexical speci-
ficity, rapid automatized naming, phonological short-term memory, and phonological
awareness) were measured in the first and in the second year of kindergarten, before
formal reading instruction. Three measures of early literacy (i.e., vocabulary, letter
knowledge and word decoding) were measured in the second year of kindergarten
and/or in first grade, before and during formal reading instruction. Structural equa-
tion models investigated the relative influence, over time, of the precursors on the
early literacy measures.
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Chapter 7 summarizes this dissertation and its implications for theory and prac-
tice. The explorations of the role of trainability in lexical specificity in early literacy
in the five empirical chapters lead to several conclusions about how being able to
develop, specify and discriminate between phonological rich and specific represen-
tations in the mental lexicon contributes to early literacy development.
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Learning phonologically specific new words
fosters rhyme awareness18
Chapter 2
Abstract
How do children use phonological knowledge about spoken language in acquiring
literacy? Phonological precursors of literacy include phonological awareness, speech
decoding skill and lexical specificity (i.e., the richness of phonological representations
in the mental lexicon). An intervention study investigated whether early literacy
skills can be enhanced by training lexical specificity. Forty-two pre-reading 4-year-
olds were randomly assigned to either an experimental group that was taught pairs
of new words that differed minimally or a control group that received numeracy
training. The experimental group gained on a rhyme awareness task, suggesting
that learning phonologically specific new words fosters phonological awareness.
18This chapter has been published as: Van Goch, M. M., McQueen, J. M., Verhoeven, L. (2014).
Learning phonologically specific new words fosters rhyme awareness in Dutch preliterate chil-
dren. Scientific Studies of Reading, 18(3), 155-172.
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Introduction
Young children are surrounded by mysterious sounds and symbols: phonemes and
graphemes. How do they make use of knowledge about spoken language when
learning to read an alphabetic orthography? Since learning to read involves map-
ping graphemes onto phonemes, phonological knowledge (e.g., knowing how different
words sound) is essential in becoming literate. In the current intervention study, the
causal relations between phonological precursors to literacy are explored, focusing
on speech decoding skill, phonological awareness and lexical specificity, that is, the
phonological specificity of words in preliterate children’s mental lexicons.19
Known precursors to literacy include speech decoding skill and phonological aware-
ness. Speech decoding skill refers to the ability to categorize the acoustic information
in the continuous speech stream into discrete units, such as phonemes or allophones,
and hence recognize spoken words. Because of the inter- and intraspeaker variability
in speech (McQueen, 2006), it is crucial to be able to decode spoken language in
this way in order to learn words and develop a lexicon.
Already at a very young age, infants have knowledge about the phonemic cate-
gories of their native language (Werker & Tees, 1984). By ten months of age, infants
have become less sensitive to contrasts between phonemic categories that are not
relevant for their native language. The native language neural magnet theory states
that the amount of sensitivity to irrelevant phonemic categories is negatively corre-
lated with later language success (Kuhl et al., 2008, 2005). In particular, children
diagnosed with dyslexia show a higher sensitivity to irrelevant phonemic distinc-
tions (Serniclaes et al., 2004). Furthermore, over the past years, many studies have
suggested that reading problems, such as dyslexia, may be caused by underlying
problems in speech perception (Manis et al., 1997), but see Boets, Wouters, Wierin-
gen, & GhesquiÃĺre (2006). Thus, speech decoding skill and sensitivity for relevant
phonemic categories seem to be correlated with later written language success.
A second precursor to literacy is phonological awareness, that is, the ability to
consciously reflect upon and to manipulate speech sounds. Becoming phonologically
aware involves focusing attention on the perceptual representations of speech. It de-
velops from larger to smaller sound units, e.g., from syllables to rimes to phonemes,
as was shown in a study in which a large sample of preschool and kindergarten
children were assessed on several phonological awareness skills of different levels of
complexity (Anthony et al., 2003; Stanovich, 1992). There is abundant evidence
that phonological awareness is a predictor of emergent literacy in several alphabetic
orthographies (Bradley & Bryant, 1983; Ehri et al., 2001; Vloedgraven & Verhoeven,
2009; Ziegler & Goswami, 2005) and that training phonological awareness enhances
early literacy skills (Bradley & Bryant, 1985).
In order to become phonologically aware, a child has to be able to decode speech.
Thus, speech decoding skill appears to be a precursor for phonological awareness
19Note that lexical specificity could also refer to specificity of semantic information in the mental
lexicon (Perfetti & Hart, 2002). However, the current study focuses on phonological specificity.
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and for print decoding (Nittrouer, 1996; Studdert-Kennedy, 2002; Chiappe, 2007).
Furthermore, phonological awareness seems to be a precursor of print decoding in
many languages (Bradley & Bryant, 1983; Ehri et al., 2001; Vloedgraven & Ver-
hoeven, 2009; Ziegler & Goswami, 2005). However, speech decoding skill is a per-
ceptual skill, whereas phonological awareness is a metalinguistic skill. Thus, apart
from speech decoding skill and phonological awareness, a third phonological pre-
cursor to literacy appears to be required, one that mediates between decoding and
phonological awareness. Since a crucial aspect of speech decoding (and language
comprehension in general) is word recognition (McQueen, 2006), the lexicon or lex-
ical knowledge may play this mediating role. More specifically, the degree of lexical
specificity, that is, knowledge about how certain words ought to sound, may be
important for phonological awareness. For daily communication purposes, under-
specified lexical-phonological representations may sometimes be sufficient, but for
detailed phonological manipulations, they may not be sufficient (Elbro et al., 1998).
In other words, in order for children to become phonologically aware and hence to
be able to manipulate sounds in words, the phonological structure of the represen-
tations in their mental lexicons has to be specified to a certain extent.
With respect to the relation between spoken word recognition and emergent
literacy, the lexical level appears to be particularly important for several reasons.
First, phonological awareness develops from larger to smaller units (Anthony et al.,
2003; Stanovich, 1992). Second, a child’s vocabulary size predicts print decoding
skill and/or phonological awareness (Garlock et al., 2001). Third, lexical neighbour-
hood density of items in a phonological awareness task influences performance on
that task (De Cara & Goswami, 2003b). Accordingly, rimes of words from sparse
phonological neighbourhoods appear to be less segmentally specified than those of
words from dense neighbourhoods (Storkel, 2002). Fourth, lexical specificity influ-
ences phonological awareness and/or print decoding skill (Elbro et al., 1998; Fowler,
1991; Metsala & Walley, 1998).
In the current study lexical specificity is defined as the richness and specificity
of, and distinctness between, phonological representations in the emerging mental
lexicon. It evolves over time: whereas initial lexical representations are holistic, they
become more segmental through infancy and early childhood. Hence, lexical speci-
ficity is not a skill, but rather a characteristic of lexical representations, developing
over time from more global to more detailed. According to the lexical restructur-
ing account, this increasing segmentation of phonological representations is driven
by vocabulary growth (Metsala & Walley, 1998). With increasing vocabulary size,
phonological representations need to become more specific. In a small vocabulary,
representations can be holistic, because there is no need to disambiguate lexical items
on fine-grained phonological differences (e.g., ’bear’ can be coarsely distinguished
from ’dog’). During the vocabulary spurt, however, as vocabulary size expands
rapidly, phonological neighbourhood density increases and children are more likely
to encounter minimal pairs (e.g., ’bear’ - ’pear’). This means that in order to dis-
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ambiguate lexical items, representations must become segmentally specified in more
detail (e.g., the representation of ’bear’ should be specific enough to disambiguate
it from ’pear’; a difference of only one acoustic-phonetic feature). Furthermore,
with respect to inter- and intraspeaker variability, this disambiguation should also
hold across speakers, speaking rates and phonetic environments, even though these
factors can modify the speech sounds in these words extensively.
The lexical restructuring account states that vocabulary growth leads to increas-
ingly segmental representations supporting spoken word recognition, which in turn
lead to explicit access to phonemic units (Metsala & Walley, 1998). The lexical
restructuring process also entails that what children know about phonemes evolves
from implicit to explicit knowledge (Fowler, 1991). Furthermore, individual differ-
ences in phonological awareness and success in learning to read can be accounted for
by individual differences in lexical growth and in lexical restructuring. Accordingly,
Fowler (1991) states that the development of awareness of segments (i.e., syllable,
onset/rime, phoneme) has consequences not only for phonological awareness, but
also for the way phonological representations are stored and structured. The way
phonological representations are stored in the lexicon changes significantly. Hence,
this restructuring is thought to be related to the development of phoneme aware-
ness. Indeed, by integrating results from correlational, longitudinal, and intervention
studies with adults and at-risk children, Elbro et al. (1998) showed that deficits in
the quality or distinctness of phonological representations (i.e., lexical specificity)
predict phonological awareness and dyslexia in preliterate children. This was also
shown in a study by Elbro & Jensen (2005), in which the quality of phonological
representations of dyslexic adolescents and reading-age controls (grade 2 students)
was trained. The dyslexic group gained less than the control group in the acquisi-
tion of new phonological representations and in a phonological awareness task with
the trained words. Furthermore, Goswami (2000) combined several studies in dif-
ferent populations to propose that phonological processing difficulties in dyslexia
are caused by lack of distinctness and/or segmental specificity in phonological rep-
resentations. Lexical restructuring theories assume that this restructuring process
extends into early childhood and well into elementary school years (Metsala & Wal-
ley, 1998). Based on results from studies with young children, however, one could
argue that lexical restructuring happens earlier than this. Toddlers are already
sensitive to very fine-grained differences in how words are pronounced (Swingley &
Aslin, 2000; White & Morgan, 2008) and like adults, their interpretation of phono-
logical detail is flexible (White & Aslin, 2011). Furthermore, McQueen, Tyler, &
Cutler (2012) showed that phonological representations in 6-year-olds are abstract
and detailed.
Assuming speech decoding skill and phonological awareness influence print de-
coding skill, the question that then arises is when and how lexical specificity comes
into play. Here, two possible causal chains that could account for the apparent miss-
ing link between speech decoding, phonological awareness and emergent literacy are
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proposed (see Figure 1.1).
In the first account (Figure 1.1a), lexical specificity functions as a bridge between
speech decoding skill and phonological awareness. In this account enhancements
in speech decoding skill precede the development of phonologically specific lexical
representations, which precedes the emergence of phonological awareness, which in
turn precedes the growth of print decoding skill. Another possible causal chain
(Figure 1.1b) puts lexical specificity before speech decoding in development. In this
account, phonologically specific lexical representations give rise to enhancements in
speech decoding skill, leading to the emergence of phonological awareness and ulti-
mately print decoding skill. The current study explores the role of lexical specificity
in these causal chains, by investigating the relation between lexical specificity and
the known phonological precursors phonological awareness and speech decoding.
To recapitulate, lexical specificity appears to be an important factor in emergent
literacy. However, the evidence is inconclusive concerning the causal relations of
phonological precursors to literacy in pre-readers. Previous research has mainly led
to correlational evidence, either through studying children already receiving formal
reading education, or through looking into precursors for reading problems (Elbro
et al., 1998; Goswami, 2000; Elbro & Jensen, 2005). To investigate the causal role
of lexical specificity in normal emergent literacy, the current intervention study was
set up. In an attempt to mimic the lexical restructuring process for a limited set of
words, a protocol was designed to train pre-reading children (4-year-olds) to make
new lexical representations more specific. The training protocol was presented to
the children as a word learning game. In the protocol, children were taught new (i.e.,
unfamiliar to the children) spoken words, with subtle acoustic-phonetic differences,
using pictures. Over the course of the training phase, the difficulty of the phonetic
distinctions gradually increased, in two ways. First, there was a gradual decrease
in the number of acoustic-phonetic features (i.e., place of articulation, manner of
articulation or voicing). Thus, initially, children would encounter differences of
two acoustic-phonetic features (e.g., the final consonants of raap [turnip] and raaf
[raven] differ in place of articulation (bilabial versus labiodental) and in manner
of articulation (plosive versus fricative)) but later would come across differences
of only one phonetic feature (e.g., raap and raat [honeycomb] differ only in place
of articulation). Second, initially, the unfamiliar words were paired with familiar
words (e.g., raap and raam [window]), whereas in the latter part of the training
Figure 1.1: Two possible causal chains linking phonological precursors with literacy.
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protocol, only unfamiliar words were used (e.g., raap and raat). Thus, children
were forced, over the course of training, to attend to increasingly subtle acoustic-
phonetic differences, and they could only succeed in the test phase if they had learnt
the specific one-feature difference between the two words of each pair (e.g., raap
and raat). The phonetic feature contrast type was manipulated, to ask whether
children are more sensitive to subtle phonetic differences of a particular contrast
type. Hence, the minimal pairs (with a difference of one acoustic-phonetic feature)
differed either in manner of articulation, or in place of articulation, or in voicing. In
addition to the phonetic feature contrast type manipulation, the phonetic feature
contrast position was manipulated, to ask whether children are more sensitive to
subtle phonetic differences at the beginnings of words than at the ends of words. In
some trials, the phonetic feature contrast was on the initial phoneme (lier [lyre] -
nier [kidney]), while on other trials, the contrast was on the final phoneme (raap-
raat). It is important to note that the protocol did not train rhyme awareness;
the children never heard both members of a minimal pair in the same trial, and
successful word learning depended either on an onset discrimination (e.g., lier-nier)
or discrimination between two different rimes (e.g., raap-raat).
To investigate the effect of lexical specificity training and the causal connections to
other phonological precursors to literacy, tests of speech decoding skill (i.e., phoneme
discrimination) and phonological awareness (i.e., rhyme awareness and phoneme
identification) were administered before and after training. Furthermore, to look
into the effect of lexical training on top of spontaneous growth in decoding skill
and phonological awareness, in addition to the experimental group receiving lexical
specificity training, a control group receiving numeracy training was assessed. In
order to control for basic cognitive skills and to assess children’s executive function-
ing, rapid automatized naming and phonological short-term memory capacity were
assessed. Both rapid automatized naming and phonological short-term memory
are correlated with (amongst others) phonological awareness and early literacy at
this age. Furthermore, these two measures are also considered to be phonological
precursors to literacy (De Jong & Van der Leij, 1999).
In summary, the current study aimed to investigate the causal relations between
lexical specificity and two known phonological precursors (i.e., speech decoding,
phonological awareness). Specifically, the question was whether lexical specificity
training could enhance these early literacy skills. If learning phonologically specified
representations of new words gives rise to better speech decoding skill, which in turn
leads to phonological awareness (Figure 1.1b), the training should enhance speech
decoding skill and phonological awareness. If, however, a certain degree of speech
decoding skill is necessary to develop phonologically specified new lexical represen-
tations, which in turn are necessary to become phonologically aware (Figure 1.1a),
the training should not affect speech decoding skill, but should affect phonological
awareness.
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Method
Participants
Forty children (20 male, mean age: 53.43 months, age range: 48-59 months) were
randomly selected from three kindergarten classes of one elementary school in the
south of the Netherlands. All children were monolingual, native speakers of Dutch.
In the Netherlands, formal reading education starts in first grade, after two years of
kindergarten. The children in the current study were in the first year of kindergarten.
Teachers indicated that none of the children had developmental or language-related
problems.
Materials
Training
Lexical specificity training. A training protocol was designed to train children
to make new lexical representations more specific. It was presented as a word
learning game. Twenty-four quadruplets of monosyllabic Dutch words were created
(see Appendix), containing two unfamiliar target words (e.g., raap, raat), a familiar
control word (e.g., raam) and an unfamiliar control word (e.g., raaf ). Stimulus words
were considered as familiar if they appeared on the Basiswoordenlijst Amsterdamse
Kleuters [Basic Vocabulary of Kindergartners in Amsterdam] (Mulder, Timman, &
Verhallen, 2009) and as unfamiliar if they did not appear on this list. The target
words were minimal pairs, differing on only one acoustic-phonetic feature (i.e., place
of articulation, manner of articulation or voicing). The control words differed with
the target words on two phonetic features. The two target words of each quadruplet
were recorded by one speaker (a female native speaker of Dutch) and used as target
sound files in the training protocol.
The contrast type and position were manipulated. In 13 of the 24 quadruplets, the
minimal pairs differed in manner of articulation, in 7 quadruplets the pairs differed
in place of articulation, and the remaining 4 pairs differed in voicing. With respect
to contrast position: in 16 of the 24 quadruplets, the phonetic feature contrast was
on the initial phoneme, and in the remaining 8 quadruplets, the contrast was on the
final phoneme. An overview of all quadruplets is given in the Appendix.
The training protocol consisted of a practice phase (five trials), a training phase
(96 trials) and a test phase (24 trials). Nine filler trials (highly familiar, phonologi-
cally unrelated target words) were included to keep the participants motivated. In
the practice phase, the children were familiarized with the training protocol and the
strategy that could be used (explained below). The training phase consisted of four
blocks in which each quadruplet of items appeared once (see Table 1.1).
On each trial, four pictures were shown on a computer monitor; two experimental
items and two high-frequency phonologically unrelated fillers (e.g., pictures of a ball
and a car; see Figure 1.2).
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Table 1.1: Design and Stimulus Examples of the Lexical Specificity Task
Block Experimental Items Example
1. Training phase Unfamiliar target word AFamiliar control word
raap [turnip]
raam [window]
2. Training phase Unfamiliar target word BFamiliar control word
raat [honeycomb]
raam [window]
3. Training phase Unfamiliar target word AUnfamiliar control word
raap [turnip]
raaf [raven]
4. Training phase Unfamiliar target word BUnfamiliar control word
raat [honeycomb]
raaf [raven]
5. Test phase Unfamiliar target word AUnfamiliar target word B
raap [turnip]
raat [honeycomb]
Figure 1.2: Trial design for the Lexical Specificity training, for a trial in the first block
of the training phase.
In the first block, the two experimental items consisted of one of the unfamiliar
target words in each quadruplet and its familiar control word. In the second block,
the other unfamiliar target word in each quadruplet was paired with its familiar
control word. In the third block, the two experimental items consisted of one of the
unfamiliar target words in each quadruplet and its unfamiliar control word. In the
fourth block, the other unfamiliar target word in each quadruplet was paired with
its unfamiliar control word. In the test phase, the unfamiliar target words from
each quadruplet were paired. Note that even though the two experimental items
were visually presented together, only one of the experimental items was auditorily
presented to the children on every trial.
On every trial, the children asked to click on the picture that corresponded to
an auditory question, i.e., ’Wat is denk je een [TARGET]?’ [What do you think
is a [TARGET]?] (see Figure 1.2). In the first and third block of the training
phase, the auditorily presented target word was the first unfamiliar target word of
each quadruplet. In the second and fourth training blocks, the auditorily presented
target word was the second unfamiliar target word of each quadruplet. In the test
phase, on half of the trials the first unfamiliar target word was the auditory target
and on the other half of the trials the second unfamiliar target word was the auditory
target. In the practice phase, a strategy for the training protocol was explained to
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the children. They were told that when asked to point out an object based on an
unfamiliar word, ruling out all the familiar objects first could help in executing the
task.
As can be seen in Figure 1.2, each trial started with a fixation cross (500 ms),
after which the four pictures were shown (1000 ms). The auditory target sentence
was played while the pictures were still on the screen (mean duration = 1379 ms).
At word offset, the mouse became active in order to enable responding. Positive
feedback on accuracy was provided by means of a picture of a clown (1000 ms). No
feedback was provided on incorrect answers.
The order of the quadruplets within blocks was randomized. Furthermore, the
contrast type (manner, place, voice), the contrast position (initial, final) and the
position of the target on the screen were pseudo-randomized, allowing a maximum
of three trials of the same type in succession. In total, the lexical specificity training
protocol consisted of 134 trials and took approximately 15 minutes on average.
Note that since all target words were unfamiliar to the children, there was no
overlap between stimuli in the lexical specificity training protocol and the other
measures in this study, since the stimuli in the other measures were all high-frequent
and familiar words. Aside from serving as a training protocol, the lexical specificity
training protocol was used as a measure of lexical specificity, resulting in an accu-
racy score for the test phase alone and for the training and test phases combined.
Cronbach’s alpha on the combined scores was .77, indicating good reliability.
Numeracy training (control). A non-linguistic control training protocol was
designed. It was similar to the lexical specificity training protocol. Thirty pairs (con-
trasts) of numeracy concepts were used (i.e., ’least/most’, ’lowest/highest’, ’short-
est/longest’, ’smallest/biggest’). On a computer monitor, two pictures were shown,
for example, a picture of one ball (’least’) and a picture of three balls (’most’). The
child was asked to click on the picture that corresponded to an auditory question
(e.g., ’Wat is denk je het minst?’ [What do you think is the least?]). Filler trials,
randomization constraints and feedback procedure were similar to the lexical speci-
ficity training protocol. The numeracy training protocol consisted of 120 trials and
took 15 minutes on average.
Basic cognitive skills
Rapid naming. The subtest Woordbenoemen [Object naming] from the standard-
ized Screeningstest voor Taal- en Leesproblemen [Diagnostic Test for Language and
Literacy Problems] (Verhoeven, 2005) was used to assess lexical retrieval and expres-
sive vocabulary. A total of 84 pictures of high-frequent, easily identifiable different
objects were presented on one five column card. After one practice item, the children
were asked to name as many pictures as possible in one minute.
Phonological short-term memory: serial recall. To assess phonological
short-term memory, the subtest Geheugen [Memory] from the standardized Screen-
ingstest voor Taal- en Leesproblemen [Diagnostic Test for Language and Literacy
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Problems] (Verhoeven, 2005) was used. In the first of two subtasks, children were
auditorily presented with series of words and were asked to recall all of those words
in the same order. In the second subtask, the task was to recall sentences. In
both subtasks, the series or sentences increased in length over the course of the
test. A subtask was brought to an end when four consecutive items (word series or
sentences) were recalled incorrectly.
Phonological awareness
Phonological awareness skills were measured by means of two tasks of the stan-
dardized Screeningsinstrument Beginnende Geletterdheid [Diagnostic Instrument for
Emergent Literacy] (Vloedgraven et al., 2009). In each task, three response alterna-
tives were presented auditorily over speakers and visually as pictures on a computer
screen. Both tasks contained two practice trials and fifteen test trials. All stimuli
were high-frequent monosyllabic CVC words. Each task took approximately five to
eight minutes.
Rhyme awareness. Children were asked to select the picture whose name
rhymed with the auditorily presented target stimulus. An example test item was:
’Hoed, bal, peer; wat rijmt op beer?’ [’Hat, ball, pear; what rhymes with bear?’].
Phoneme identification. The target consonant and a high-frequent word with
the target consonant as the initial phoneme were auditorily presented after the three
response alternatives. The task was to select the picture whose initial phoneme was
the target phoneme. An example test item was: ’Hoed, bal, peer; de b van beer ’
[’Hat, ball, pear; the b of bear’].
Speech decoding
Phoneme discrimination. To assess speech decoding skills, the subtest Audi-
tieve discriminatie [Phoneme discrimination] of the standardized Screeningstest voor
Taal- en Leesproblemen [Diagnostic Test for Language and Literacy Problems] (Ver-
hoeven, 2005) was used. Children were asked whether pairs of auditory stimuli were
the same words. The task contained two practice items and forty test items, of
which twelve pairs were the same (hak - hak), eleven had a vowel contrast (boom -
bom), eight had a voice contrast (beer - peer) and nine had a place contrast (tak -
pak). All stimuli were monosyllabic CVC words.
Procedure
All participants were tested in a quiet room at their own school by the same exper-
imenter. All tests were administered individually and in a fixed order:
• Cognitive skills. First, phonological short-term memory and naming were
assessed.
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• Pretest. The pretest consisted of the rhyme awareness, phoneme identification
and phoneme discrimination tasks.
• Training. Children were randomly assigned to the lexical specificity or the
(control) numeracy training conditions (20 children in each group).
• Posttest. The posttest was the same as the pretest (i.e., rhyme awareness,
phoneme identification and phoneme discrimination tasks).
The cognitive skills and pretest measurements were assessed in one session. The
training session took place five to six weeks after the pretest session. The posttest
session took place one week after the training session.
Analyses
One child (in the Control Group) was excluded from the analyses because he was
unable to concentrate during the tasks. Three children were excluded from the
analysis of the Phoneme Discrimination pretest (two in the experimental group, one
in the control group) and one child was excluded from the Phoneme Discrimination
posttest (in the experimental group), because they did not understand the task (i.e.,
they gave the same answer on every trial). To assess possible differences between
the experimental and control groups prior to intervention, independent-samples t-
tests on age, the results of the basic cognitive tests and the pretest results were
carried out. Separate Time x Training repeated-measures Analyses of Variance
for each linguistic variable (Rhyme Awareness, Phoneme Identification, Phoneme
Discrimination) were then conducted. For significant interactions, separate t-tests
were conducted as follow-up analyses, as well as Analyses of Covariance to control
for the influence of Rapid Naming and Phonological Short-Term Memory.
For the experimental group only, performance on the different stimulus charac-
teristics (Contrast Position and Contrast Type) in the Lexical Specificity Training
Protocol was assessed by means of one-way Analyses of Variance. Because perfor-
mance in the entire training session (training and test phases combined) and in the
test phase alone correlated highly, analyses were conducted on scores of the entire
training session.
Results
Descriptive statistics and test validity
The descriptive statistics and the results of the t-tests can be found in Table 1.2.
The children in the experimental group and in the control group did not differ
significantly in age, on the basic cognitive skills, or on the pretest measurements.
Both groups, at both times of testing, scored significantly above chance level on all
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Table 1.2: Descriptive Statistics for the Experimental and Control Groups (n = 39)
Experimental
Group
Control
Group
Variable Mean (SD) Mean (SD) t
Agea 53.15 (3.23) 53.89 (3.54) -.69
Rapid Namingb 26.20 (7.04) 27.21 (6.02) -.48
Short-term memoryc 14.35 (4.73) 15.63 (5.35) -.79
Pretest PA:
Rhyme Awarenessd 54.67 (16.27)* 63.16 (16.98)* -1.60
Pretest PA:
Rhyme Awareness 66.67 (21.08)* 62.11 (20.01)* .69
Pretest PA:
Phoneme Identificationd 38.33 (15.58) 42.11 (23.94) -.59
Posttest PA:
Phoneme Identification 45.33 (19.18)* 48.42 (25.42)* -.43
Pretest
Phoneme Discriminatione 65.48 (25.90)* 70.86 (25.98)* -.63
Posttest
Phoneme Discrimination 67.29 (31.05)* 75.94 (27.71)* -.91
Note. *Performance significantly above chance level. aIn months. bNumber of correctly
named pictures per minute. cSum of the number of correctly recalled word series and
twice the number of correctly recalled sentences. dPercentage correct trails (chance =
33%). ePercentage correct trials (chance = 50%).
tasks, except for the Phoneme Identification pretest (experimental group: t(19) =
1.53, p = .14; control group: t(18) = 1.66, p = .12).
As can be seen in Table 1.3, both Phonological Awareness pretest measures cor-
related significantly with age, the cognitive skills, and each other (except that
Phoneme Identification does not correlate with age). However, they did not correlate
with the Phoneme Discrimination pretest. Moreover, the Phoneme Discrimination
pretest results did not correlate with any other variable, except for age.
Analyses of variance
Rhyme Awareness
The results showed no significant difference in Rhyme Awareness for the two differ-
ent Training groups, F(1,37) = 0.15, p = .70. Furthermore, there was no significant
difference in Rhyme Awareness between the pretest and the posttest, F(1,37) =
3.12, p = .09. However, there was a significant interaction effect in Rhyme Aware-
ness between the pre- and posttest results and the type of Training children received,
F(1,37) = 4.43, p = .04, ηp2 = 0.11 . Follow-up paired-samples t-tests indicated that
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Table 1.3: Correlations between Age, Cognitive Skills and Linguistic Pretest Measures
1 2 3 4 5 6
1. Age -
2. Rapid Naming .26 -
3. Phonological Short-term Memory .05 .30 -
4. Pretest PA: RA .33* .33* .34* -
5. Pretest PA: PI .30 .51** .51** .50** -
6. Pretest PD .37* .04 .22 .27 .20 -
Note. PA = Phonological Awareness; RA = Rhyme Awareness; PI = Phoneme
Identification; PD = Phoneme Discrimination. *p < .05. **p < .01.
there was a significant increase in Rhyme Awareness (comparing pre- and posttests)
for children in the experimental group, t(19) = -2.44, p = .03, η2 = .24, but not for
the children in the control group, t(18) = .29, p = .78 (see Figure 1.3). This interac-
tion was also significant when controlling for Rapid Naming skills and Phonological
Short-Term Memory in an Analysis of Covariance, F(1,35) = 5.19, p = .03, ηp2 =
0.13.
Figure 1.3: Gain on the rhyme awareness pre- and posttests (percentages correct)
for the experimental and control groups. Note. Error bars show 95%
confidence intervals.
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Phoneme Identification
There was no significant difference in Phoneme Identification for the two Training
groups, F(1,37) = 0.30, p = .59. The results showed a significant difference between
the Phoneme Identification pre- and posttest, F(1,37) = 6.72, p = .01, ηp2 = 0.15.
No significant interaction effect in Phoneme Identification was found between the
time of testing and the type of Training children received, F(1,37) = .02, p = .90.
Phoneme Discrimination
The analyses did not reveal any significant main effect for type of Training, F(1,33)
= 1.20, p = .28, or time of testing, F(1,33) = 1.25, p = .27. Furthermore, no
significant interaction effect was observed, F(1,33) = .74, p = .40.
Lexical Specificity Training
The descriptive statistics of the Lexical Specificity Training analysis (training and
test phases combined) can be found in Table 1.4. One-sample t-tests revealed that
children performed significantly above chance on both the Initial, t(79) = 7.55, p <
.001, and the Final contrast positions, t(39) = 3.54, p = .001. There was a trend
towards a significant difference in performance between the two Contrast Positions
(Initial versus Final), F(1,119) = 3.73, p = .06. On average, children performed
16.5% better on contrasts in Initial than in Final position.
Children performed significantly above chance on the Manner of Articulation,
t(64) = 6.65, p < .001, Place of Articulation, t(34) = 4.27, p < .001, and the
Voicing contrast types, t(19) = 2.84, p = .01. There were no significant differences in
Contrast Type (Manner of Articulation versus Place of Articulation versus Voicing),
F(2,119) = .36, p = .70.
Table 1.4: Percentage Correct Trials in the Lexical Specificity Training Protocol
Overall Test Phase
Mean (SD) n Mean (SD) n
Contrast Position
Initial phoneme 39.85 (17.58) 80 46.13 (19.46) 16
Final phoneme 33.55 (15.28) 40 29.63 (11.21) 8
Contrast Type
Manner of articulation 36.83 (14.34) 65 35.31 (13.56) 13
Place of articulation 39.80 (20.49) 35 44.00 (24.12) 7
Voicing 37.15 (19.11) 20 52.00 (21.20) 4
Total experimental items 37.75 (17.05) 120 40.63 (18.66) 24
Filler trials 82.22 (15.43) 9 65.00 1
Note. Chance = 25%.
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Discussion
The current study investigated the links between lexical specificity and two other
phonological precursors to literacy (i.e., speech decoding and phonological aware-
ness). In particular, it examined whether training lexical specificity (through learn-
ing new words that could only be distinguished from each other if their lexical
representations were highly specific) could foster these phonological skills. The re-
sults showed that the training had beneficial effects on rhyme awareness, one form of
phonological awareness. Children who received a word learning game in which they
were forced to learn specific new lexical representations, and made significant gains
in the specificity of their phonological knowledge about those words, gained in rhyme
awareness (comparing posttest and pretest scores). A control group that received
numeracy training did not gain in rhyme awareness.20 Lexical specificity training
did not have an effect on phoneme identification skills or on phoneme discrimination
skills.
Note first that even though different results were found for rhyme awareness and
phoneme identification, these results do not imply that these skills are entirely in-
dependent and/or distinct. Previous research suggests that both measures reflect
subskills of one underlying factor, namely phonological awareness (Vloedgraven &
Verhoeven, 2009). Nevertheless, the divergent results for the different phonological
awareness measures can be explained. Since phonological awareness evolves from
larger to smaller sound units (Anthony et al., 2003; Stanovich, 1992), awareness of
the onset-rime structure (e.g., as measured in the rhyme awareness task) is one of
the earliest forms of phonological awareness to develop (Vloedgraven & Verhoeven,
2007), while phoneme awareness (e.g., as measured in the phoneme identification
task) develops only later (Goswami & Bryant, 1990; Bradley & Bryant, 1983). In the
literature, phoneme awareness is seen as a precursor (Bradley & Bryant, 1983), co-
requisite (Perfetti, 2003), or by-product of reading acquisition (Ehri, 2005). Hence,
since the participants in the current study were preliterate and had not received
any formal reading education, it is possible that phoneme awareness was simply not
developed enough and therefore no effect on phoneme identification was found. This
suggests that a certain level of phoneme awareness has to be reached in order for a
child to be able to benefit from lexical specificity training.
Both groups did not perform significantly above chance on the phoneme identifi-
cation pretest, but did so on the posttest. The significant gain in phoneme identifi-
cation (over the six to seven weeks between pre- and posttests) could be influenced
- to various degrees - by spontaneous growth, test-retest effects, and/or educational
reasons (even though children did not receive formal phonological training, they do
get acquainted with phonemes and graphemes in a playful way in kindergarten).
20Note, however, that the control group scored numerically, but not significantly, higher than
the experimental group at pretest. At posttest, the experimental group reached the scores of
the control group.
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These results indicate that at this age, children are still developing this specific
aspect of phoneme awareness.
Thus, in the current study, children who were trained on making newly learned
lexical representations more specific gained on a rhyme awareness task, whereas
children who received a control training procedure did not. Increasingly segmental
representations, leading to explicit access to the phoneme, give rise to the ability to
consciously reflect upon and manipulate phonemes (Fowler, 1991; Metsala & Walley,
1998). Accordingly, Treiman & Zukowski (1996) found that having more specific
lexical representations make rhyming easier. Either a global similarity comparison
or an analytical approach can be used to make rhyme judgments. Having a lexical
representation of a word, even though this representation may not yet be fully
specified, makes it easier to compare two items at a global level in a rhyme task
(Wagensveld, Van Alphen, Segers, & Verhoeven, 2012). The analytical approach
to comparing lexical representations, relying on phoneme awareness, then develops
later.
Lexical specificity training had no effect on speech decoding skill, as measured
by a phoneme discrimination task. Moreover, for both groups, the phoneme dis-
crimination pretest did not correlate with any other variable, except for age. This
result could be task-related, even though the task was standardized and children
performed above chance at both times of testing. It could also be the case that
at this age, in this sample, explicit phoneme discrimination and/or speech decod-
ing skill simply does not correlate with other early literacy skills, even though the
literature suggests otherwise. Nevertheless, the correlation with age suggests that
phoneme discrimination skill is still in development.
During lexical specificity training, minimal pairs that differed on the initial phoneme
were numerically but not significantly better disambiguated than pairs that differed
on the final phoneme, suggesting that children were perhaps a little more sensitive
to subtle phonetic differences at the onsets of words compared to differences at the
offsets of words. These findings can be explained by the incremental nature of speech
recognition: beginnings of words seem to be more important for word recognition,
because they appear earlier in time than the ends of words and thus more strongly
constrain possible word candidates. The position effect is in accordance with previ-
ous research on speech recognition (Allopenna, Magnuson, & Tanenhaus, 1998) and
are predicted by models of spoken word recognition (McClelland & Elman, 1986;
Norris & McQueen, 2008; Norris, 1994). Alternatively, or additionally, the posi-
tion effect may occur because children find it easier to divide syllables into onsets
and rimes than rimes into vowels and codas. Perception and awareness of the on-
set/rime division is acquired earlier than that of the vowel/coda division (Anthony
et al., 2003).
To recapitulate, phonological awareness is associated with learning to decode
print, and becoming phonologically aware depends on being able to decode speech.
Furthermore, the degree of phonological specificity of children’s lexical representa-
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tions plays a role in their emergent literacy. The current study can be seen as a first
attempt to unravel the causal relations between phonological precursors to literacy,
as it set out to test the relations between the specificity of newly-learned words
and phonological awareness, and between lexical specificity and speech decoding.
The results of the current study (i.e., lexical specificity training had a beneficial
effect on rhyme awareness, but not on speech decoding skill) seem to support an ac-
count in which, during normal development, lexical specificity precedes phonological
awareness (Figure 1.1).
The intervention led to the development and specification of new lexical repre-
sentations. Because of the nature of the training and test protocol (they contained
only non-familiar words), a pretest assessing the specificity of phonological knowl-
edge about these words was impossible. The children in the control group were also
not tested on their knowledge about the minimal-pair words. Furthermore, there
were no tests within the experimental group of changes in the specificity of other
words arising from the training. No claims can therefore be made about whether
the intervention had consequences for the phonological specificity of representations
across the lexicon. Nevertheless, the children in the experimental group learned,
on average, approximately ten new minimal word-pairs (see Table 4). The control
group did not learn anything about these words during the numeracy training. The
improvement in detailed phonological knowledge in the experimental group suggests
that training in lexical specificity, even if it is limited to a small number of words,
can enhance phonological awareness.
The design of the current study does not allow conclusions to be drawn about
the entire causal chain involved in acquiring print decoding skill (e.g., the chains
depicted in Figure 1.1). Because the participants in the current study were two
years away from formal reading education, print decoding skills could not yet be
assessed. Furthermore, no conclusions about the causal link between lexical speci-
ficity and speech decoding can be drawn from the null effects on the speech decoding
task. Future research could explore the causal relations between the phonological
precursors to literacy in more depth, to explain how - at a given stage in develop-
ment - some children are able to decode speech and discriminate between phonemes,
but are less able to manipulate individual phonemes. Furthermore, it could offer a
description of how differences in speech decoding skill could, through lexical speci-
ficity, relate to phonological awareness, and ultimately to literacy. This could for
example be studied in a longitudinal cohort study, in which children are followed
from kindergarten until formal reading education has begun. Since the importance
of phonological precursors to literacy and other cognitive skills seem to vary across
languages, cross-linguistic studies comparing several orthographic depths could re-
solve remaining questions about the precursors to literacy in a given orthography.
Additionally, future research could contrast the current results with the effect of
word learning training without minimal phonological differences, to investigate the
effect of solely learning new lexical representations (without phonological overlap)
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on emergent literacy.
Since a significant number of children in elementary school have trouble with
learning to read, knowledge about (phonological) precursors to literacy is important.
Knowledge about normal language and reading development contributes to under-
standing problems in language and reading development problems. The present
results thus suggest that, in kindergarten, attention should be paid to fine phonetic
differences in how (new) words are pronounced. This could enhance the specificity
of the children’s representations and could thereby help them, through triggering
the development of phonological awareness, to learn to read. The 15-minute word-
learning game used in the present study could be usable in a kindergarten context
and has been shown here to be effective. It is reasonable to assume that multiple
longer sessions with such a game would have larger benefits.
In summary, the current study explored phonological precursors to literacy, and
lexical specificity in particular. Teaching pre-readers new words and training them
to make the representations of those words phonologically highly specific was found
to foster rhyme awareness skill.
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Abstract
A major goal in the early years of elementary school is learning to read, a process
in which children show substantial individual differences. To shed light on the un-
derlying processes of early literacy, this study investigates the interrelations among
four known precursors to literacy: phonological short-term memory, vocabulary size,
phonological awareness, and trainability in the phonological specificity of lexical rep-
resentations, by means of structural equation modelling, in a group of 101 4-year-old
children. Trainability in lexical specificity was assessed by teaching children pairs of
new phonologically-similar words. Standardized tests of receptive vocabulary, short-
term memory, and rhyme awareness were used. The best-fitting model showed that
trainability in lexical specificity partially mediated between short-term memory and
both vocabulary size and rhyme awareness. These results demonstrate that individ-
ual differences in the ability to learn phonologically-similar new words are related
to individual differences in vocabulary size and phonological awareness.
21This chapter is in revision as Van Goch, M. M., Verhoeven, L., McQueen, J. M. (in revision).
Trainability in lexical specificity mediates between short-term memory and both vocabulary
and phonological awareness.
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Introduction
Difficulties in reading and learning to read can cause major problems, for both
children and adults. For this reason, learning to read is a key goal in the early years
of elementary school. Consequently, it is important to gain insight in individual
differences before and during the process of learning to read, in order to provide
every child with the optimal opportunities to become literate. Since the process
of learning to read involves mapping graphemes onto existing segmental knowledge
(used for example in speech processing), a vast amount of research has looked into
phonological precursors to literacy, attempting to establish which factors predict
successful reading and reading acquisition (Bradley & Bryant, 1983; De Jong &
Van der Leij, 1999; Ehri et al., 2001). The current study aimed to investigate the
relationships between individual differences in four known precursors to literacy,
namely, phonological awareness, phonological short-term memory, vocabulary size,
and the ability to learn new words that phonologically differ minimally from each
other (what we label as trainability in lexical specificity). Although it is clear
that these four factors predict early literacy, to our knowledge, no previous study
has looked at the interrelations among all four of them. Insight in the underlying
interrelations between these predictors to early literacy could, however, shed light
on individual differences in the development of these precursors and hence in the
process of learning to read. Specifically, this study investigates how skill in learning
phonologically-similar words is related to the other precursors.
Phonological awareness, that is, the ability to consciously reflect upon and ma-
nipulate speech sounds, is a well-documented precursor to literacy. It consists of
several subskills (e.g., rhyme awareness and phoneme identification) that develop
from awareness of larger to smaller sound units, and is an important predictor
of emergent literacy in alphabetic orthographies (Anthony et al., 2003; Bradley &
Bryant, 1983; Ehri et al., 2001; Stanovich, 1992; Vloedgraven & Verhoeven, 2007;
Ziegler & Goswami, 2005). For example, rhyme awareness before formal reading ed-
ucation predicts children’s success in learning to read (Bradley & Bryant, 1983). A
second extensively studied precursor to reading is phonological short-term memory
capacity (Baddeley, 2003; De Jong & Van der Leij, 1999). A meta-analysis by Swan-
son et al. (2009) showed that children with reading disabilities had more problems
with short-term memory and working memory than average readers. Third, vocab-
ulary size is a predictor of emergent literacy (Verhoeven, Reitsma, & Siegel, 2011).
Children’s vocabulary size predicts print decoding skill (Garlock et al., 2001) and is
important for word decoding, visual word recognition, and reading comprehension
(Ouellette & Beers, 2010). Fourth and finally, the phonological specificity of repre-
sentations in the mental lexicon influences print decoding skill and emergent literacy
(Chapter 2; Elbro et al., 1998; Fowler, 1991; Metsala & Walley, 1998). According
to the lexical quality hypothesis, variation in the quality of word representations
influences reading skill (Perfetti, 2007).
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These four precursors interact with each other and hence both independently and
jointly contribute to the process of learning to read. For example, training lexical
specificity by teaching children new words that phonologically differ minimally from
each other, fosters phonological awareness (Chapter 2; Janssen, Segers, McQueen, &
Verhoeven, 2015). Garlock et al. (2001) showed that phonological awareness, recep-
tive vocabulary and phonological short-term memory contributed to word reading.
In particular, vocabulary size predicted print decoding skill and phonological aware-
ness, and the latter in turn also predicted print decoding skill. Likewise, in a study
on predicting dyslexia from kindergarten, Elbro et al. (1998) showed that phonolog-
ical awareness predicted print decoding skill, and lexical specificity predicted both
phonological awareness and print decoding skill. Gathercole & Baddeley (1993)
showed that phonological short-term memory is related to vocabulary and reading
acquisition. Furthermore, in a longitudinal study with Dutch children, phonolog-
ical awareness predicted reading acquisition, and phonological short-term memory
predicted phonological awareness (De Jong & Van der Leij, 1999). In a more recent
paper, Rispens & Baker (2012) showed that phonological short-term memory and
lexical specificity both contributed to non-word repetition, which is associated with
vocabulary and literacy (Conti-Ramsden & Durkin, 2007; Gathercole, 2006).
Another important aspect of these precursors is that they develop over time.
These skills are not static, and their development is prolonged: vocabulary size
and memory capacity expand, phonological awareness increases and becomes more
detailed, and, through the process of lexical restructuring, lexical representations
become more specified. Again, the development of these skills, and their individual
and joint influence on reading acquisition, co-occurs and co-exists. For example,
according to lexical restructuring theories (Metsala & Walley, 1998; Stoel-Gammon,
2011; Munson et al., 2011), increasing vocabulary size leads to increasingly specified
lexical representations, which leads to phoneme awareness. Indeed, lexical specificity
training fosters phonological awareness (Chapter 2; Janssen et al., 2015). The lexical
restructuring process is believed to continue into elementary school years. However,
studies with younger children suggest that lexical restructuring is a process that
occurs earlier in development, before children learn to read. Moreover, the evidence
that lexical specificity predicts phonological awareness suggests that an important
part of lexical restructuring happens in early childhood. For example, six-year-olds
already have detailed and abstract phonological representations (McQueen et al.,
2012). At an even earlier age, toddlers show sensitivity for fine-grained differences
in the pronunciation of words (Swingley & Aslin, 2000; White & Morgan, 2008) and
flexibility in their interpretation of phonological detail (White & Aslin, 2011), both
suggesting that their lexical representations are specified to a certain extent.
Although (trainability in) lexical specificity, phonological awareness, phonologi-
cal short-term memory, and vocabulary size are all precursors to literacy, previous
evidence is inconclusive about the correlational relationships among these precur-
sors in 4-year-olds. For example, the relation between lexical specificity training
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and phonological awareness has been shown (Chapter 2; Janssen et al., 2015), but
it is not clear whether teaching children phonologically-similar words also fosters
vocabulary development. This study therefore includes all precursors and evaluates
the relations among them. Furthermore, most studies are causal and longitudi-
nal, focusing on precursors for reading problems, instead of correlational aspects
of normal language development, and hence study children that are older than 4
years (De Jong & Van der Leij, 1999; Elbro et al., 1998; Goswami, 2000). However,
to understand hampered language development, knowledge about interrelations in
normal language development and the early stages of literacy acquisition is crucial.
The aim of this study is to gain insight in interrelations at one time point, in this
case, the start of kindergarten. Using structural equation modelling made it possible
to study interrelations between individual differences in the factors we measured.
Furthermore, previous studies often used production measures instead of percep-
tion or metalinguistic measures to study the specificity of lexical representations
(Elbro et al., 1998; Goswami, 2000), even though new words are learned initially
through perception, rather than through production (Laufer, 1998). The current
study therefore uses a trainability in lexical specificity task in which children learn
phonologically-similar words. Most importantly, although the process of lexical re-
structuring and the concept of lexical specificity have been studied to some extent
(Chapter 2; Janssen et al., 2015), the correlations between known precursors to
literacy and the trainability of lexical specificity as a means of boosting the process
of lexical restructuring have not been studied thoroughly yet.
The current study was therefore set up to investigate the role of trainability in
lexical specificity (i.e., the ability to learn phonologically specified lexical represen-
tations) in 4-year-olds showing typical language development. It explored the rela-
tionships among trainability in lexical specificity, phonological awareness, phonolog-
ical short-term memory, and vocabulary size. Rhyme awareness was used to assess
phonological awareness, because lexical specificity training fostered rhyme awareness
in the study in Chapter 2, and because at this age, other phonological awareness
measures might be too difficult and thus unreliable.
In particular, we tested whether phonological short-term memory indeed pre-
dicted trainability in lexical specificity, vocabulary and rhyme awareness. On top
of that, we tested whether trainability in lexical specificity predicts vocabulary and
rhyme awareness, and thus, whether trainability in lexical specificity either fully or
partially mediates between short-term memory and early literacy. First, the ability
to learn phonologically specific new words was hypothesized to predict phonological
awareness (i.e., rhyme awareness), because specified representations are necessary
to manipulate phonemes, and because lexical specificity training has been found to
foster rhyme awareness (Chapter 2). Second, trainability in lexical specificity was
hypothesized to predict vocabulary size, because being able to learn phonologically
specific representations and the ability to discriminate between them should facili-
tate the acquisition of new words, hence leading to a larger vocabulary. Third, based
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on previous research, phonological short-term memory ability was hypothesized to
predict rhyme awareness and receptive vocabulary (Baddeley, 2003). Phonological
short-term memory was also hypothesized to predict trainability in lexical specificity,
because phonological short-term memory capacity is necessary to remember and in-
tegrate the sound structure of newly learned words adequately. These predictions
are summarized in Figure 3.1.
Figure 3.1: Hypothetical relations between phonological short-term memory, train-
ability in lexical specificity, vocabulary size, and rhyme awareness.
In addition to models testing these relationships, alternative models were consid-
ered. That is, two models in which vocabulary size predicts trainability in lexical
specificity were assessed as well, since lexical restructuring accounts suggest that
increasing vocabulary size leads to increasingly segmental representations (Metsala
& Walley, 1998), which could imply that increasing vocabulary size might lead to
the ability to learn phonologically specific new words, in turn leading to increasingly
segmental representations.
In summary, in order to gain insight into individual differences in the process of
learning to read, the current study aimed to investigate the relations among train-
ability in lexical specificity, phonological awareness, vocabulary size, and phonolog-
ical short-term memory in 4-year-olds showing normal language development.
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Method
Participants
A group of 101 children (55 male, mean age: 50.46 months, age range: 47-54 months)
participated. The children were randomly selected from six elementary schools in
one municipality in the south of the Netherlands. At the time of testing, all children
attended the first year (of two years) of kindergarten and had not yet received formal
reading education. All children were monolingual, native speakers of Dutch and did
not have any known developmental or language-related problems, according to their
teachers and/or parents.
Materials
Trainability in lexical specificity
To measure trainability in the phonological specificity of lexical representations, a
word learning game was used (cf. Chapter 2). In this game, children learned pairs
of new words, which differed minimally from each other. The game consisted of a
training phase, in which the new words were taught, and a test phase.
Quadruplets of monosyllabic Dutch words were made (examples of stimulus quadru-
plets are givcn in Table 3.1; all quadruplets can be found in the Appendix), consisting
of two unfamiliar target words that differed on one acoustic-phonetic feature (e.g.,
raap [turnip] and raat [honeycomb] differ in place of articulation), an unfamiliar
control word (e.g., raaf [raven]) and a familiar control word (e.g., raam [window]),
both differing on two acoustic-phonetic features with both target words. Stimulus
familiarity was assessed using the Basiswoordenlijst Amsterdamse Kleuters [Basic
Vocabulary of Kindergartners in Amsterdam] (Mulder et al., 2009).
Contrast position and type were manipulated. In total, there were 24 quadruplets,
in 16 of which the contrast was on the initial phoneme, whereas in 8 the contrast was
on the final phoneme. Furthermore, of the 24 quadruplets, 13 involved a contrast
in manner of articulation, 7 a contrast in place of articulation, and 4 a contrast in
voicing.
Table 3.1: Examples of Stimulus Quadruplets Used in the Trainability in Lexical
Specificity Task
Unfamiliar
Target A
Unfamiliar
Target B
Unfamiliar
Control
Familiar
Control
Contrast
Type
Contrast
Position
luit ruit kuit huid Manner Initial
bar dar war kar Place Initial
pas bas gas jas Voice Initial
pol pon pos pop Manner Final
raap raat raaf raam Place Final
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The words were taught to the children by means of pictures and auditory stimuli.
Every trial started with a fixation cross, after which the children saw four pictures
(see Figure 3.2).
Figure 3.2: Trial design for the Lexical Specificity training, for a trial in the first block
of the training phase.
Of these four response alternatives, two were highly frequent and highly familiar
pictures, which were not related (either phonologically or semantically) to the target
pictures, and the other two were the experimental items (see Table 3.2).
Table 3.2: Design and Stimulus Examples of the Lexical Specificity Task
Block Experimental Items Example
1. Training phase Unfamiliar target word AFamiliar control word
raap [turnip]
raam [window]
2. Training phase Unfamiliar target word BFamiliar control word
raat [honeycomb]
raam [window]
3. Training phase Unfamiliar target word AUnfamiliar control word
raap [turnip]
raaf [raven]
4. Training phase Unfamiliar target word BUnfamiliar control word
raat [honeycomb]
raaf [raven]
5. Test phase Unfamiliar target word AUnfamiliar target word B
raap [turnip]
raat [honeycomb]
Then the children heard one auditory question containing only one of two target
words of a stimulus quadruplet (e.g., What do you think is a raap?) after which the
children gave a response using the computer mouse. There was positive feedback (a
picture of a friendly clown) if the response was correct, but no feedback in the case
of an incorrect response.
The task consisted of five blocks (see Table 3.2). Over the course of the task, the
difficulty of the task increased gradually, in two ways, by means of the experimental
items used as response alternatives. In the first part of the task, the target words
were paired with the familiar control word, with a two-feature difference. The latter
part of the task consisted of only unfamiliar words, first with atwo-feature difference
and then with a one-feature difference. Within blocks, the order of the quadruplets
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was randomized and contrast type (manner, place, voice), contrast position (initial,
final) and position of the target on the screen were pseudo-randomized.
In total, the task consisted of 134 trials: 5 practice trials (in which the strategy
was explained), 124 experimental trials, and 9 highly frequent and familiar fillers.
The task took 20 minutes on average. The score on this task was the percentage of
correctly recognized words. A score was calculated for the test phase only, and a
composite score was calculated for the training and test phases together. Since these
scores correlated highly with each other (Pearson’s r = .78; p < .01), analyses were
done with the combined score for the training and test phases, to increase power.
Cronbach’s α for this task was .60.
Rhyme awareness
Rhyme awareness, as a measure of phonological awareness, was assessed by means
of the rhyme awareness task of the standardized Screeningsinstrument Beginnende
Geletterdheid [Diagnostic Instrument for Emergent Literacy] (Vloedgraven et al.,
2009). In this task, three response alternatives were shown and named, e.g., hoed
[hat], bal [ball], peer [pear]. Given an auditory question containing a target word,
e.g., wat rijmt op beer? [what rhymes with bear?], the child was required to in-
dicate which word rhymed with the target word. All stimuli were highly frequent
monosyllabic Dutch words. The task consisted of two practice trials and 15 exper-
imental trials. The percentage of correctly answered trials was the score on this
task. Reliability for this standardized instrument is good: Cronbach’s alpha > .90
(Vloedgraven et al., 2009).
Receptive vocabulary
To assess receptive vocabulary size, the standardized Receptive Vocabulary task
of the Taaltoets Alle Kinderen [Dutch Language Test for Children] (Verhoeven &
Vermeer, 2006) was administered. In this task, given an auditory target word,
children were asked to indicate the target picture (e.g., neus [nose]) among four
response alternatives (e.g., neus [nose], knie [knee], huis [house], poes [cat]). The
task consisted of 96 trials, but was brought to an end in advance if five consecutive
errors were made. The score on this task was the sum of all correctly answered trials.
Reliability of this standardized task is good, with a Cronbach’s α of .97 (Verhoeven
& Vermeer, 2006).
Phonological short-term memory
Phonological short-term memory was assessed using the serial recall task Geheugen
[Memory] from the standardized Test voor Taalontwikkelingsstoornissen [Test for
Language Problems] (Verhoeven, 2005). In the first part of the task, children were
asked to repeat series of unrelated words, e.g., wip [seesaw], pet [cap], tak [branch].
The series increased in length over the course of the task. For this part, scoring
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consisted of one point per correctly recalled trial. In the second part of the task,
children were asked to repeat sentences, e.g., de oude man zat op een bank [the old
man sat on a couch], which increased in length and complexity over the course of
the task. For this part, children received two points when the sentence was recalled
correctly, one point when the meaning of the sentence was recalled correctly, and
zero points in other cases. Either part of the task was brought to an end when three
consecutive trials were repeated incorrectly. The two subtasks correlated highly
with each other (p < .01). Therefore, in the analyses, the sum of the scores on the
two subtasks was used as the score for phonological short-term memory. This task
has good reliability: Cronbach’s α is .88 (Verhoeven, 2005).
Procedure and data analyses
Children were tested individually in a quiet room in their schools. Tasks were
administered in a fixed order (that is, phonological short-term memory, passive vo-
cabulary, rhyme awareness, lexical specificity). In the tasks that were administered
on a computer, the participants listened to the stimuli via headphones. The volume
was always kept constant, for all tasks and for all participants.
After data exploration (which revealed no missing data and/or outliers), structural
equation modelling (SEM) was used to analyse the relations between the measures.
Path models were estimated in Lisrel (Joreskog & Sorbom, 1996). The goodness
of fit of the models was assessed by: χ2, Standardized Root Mean Square Residual
(SRMR), Comparative Fit Index (CFI), and Root Mean Square Error of Approxima-
tion (RMSEA). In SEM analyses, a model is considered to fit well if the chi-square
test is non-significant (p > .05), SRMR is below .08, CFI is above .90 (Bentler &
Bonett, 1980) and RMSEA is below .08 (Hu & Bentler, 1999).
Results
Descriptive statistics and correlations
The descriptive statistics of all measures are shown in Table 3.3. As can be seen in
Table 3.4, all performance measures correlated significantly with each other.
Structural equation modeling
First, a path model testing the interrelations between Phonological Short-Term
Memory, Vocabulary Size, and Rhyme Awareness scores was assessed (Figure 3.3a).
All interrelations were significant (p < .05). The model provided a close fit and
was a good model for the data (χ2(1, n = 101) = .86, p = .353, SRMR = .032, CFI
= 1.00, RMSEA = .00, RMSEA 90% CI = .0; .26). Second, a model testing the
relationships between Lexical Specificity, Vocabulary Size, and Rhyme Awareness
scores was assessed (Figure 3.3b). Although all relations were significant (p < .05),
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Table 3.3: Descriptive Statistics (n = 101)
Variable Mean (SD) Possible range
Agea 50.46 (1.967) n/a
Phonological Short-Term Memoryb 11.13 (3.791) 1-36
Rhyme Awarenessc 61.32 (18.234)! 1-100
Receptive Vocabularyd 41.75 (12.658) 1-96
Lexical Specificity Trainabilitye 38.16 (12.357)! 1-100
Note. ! = Performance significantly above chance level (if possible to assess). aIn months.
bSum of the number of correctly recalled word series and twice the number of correctly
recalled sentences. cPercentage correct trials (chance = 33%). dPercentage correct trials.
ePercentage correct trials (chance = 25%).
Table 3.4: Correlations between Variables of Children’s Performance (n = 101)
1 2 3 4 5
1. Age -
2. Phonological Short-term Memory .184 -
3. Rhyme Awareness .076 .379** -
4. Receptive Vocabulary .323** .390** .227* -
5. Lexical Specificity .239* .215* .267** .287** -
Note. * p < .05; ** p < .01.
the fit indices indicated that this model fitted less well than the previous model
(χ2(1, n = 101) = 2.65, p = .103, SRMR = .061, CFI = .90, RMSEA = .13,
RMSEA 90% CI = .0; .33). Finally, the two previous models were combined in
a third model, testing the relations between the scores for all four factors (Figure
3.3c). The results of this model showed that all relations were significant (p < .05),
that it provided a close fit to the data, and hence was a good model (χ2(1, n = 101)
= 0.24, p = .63, SRMR = .013, CFI = 1.00, RMSEA = .00, RMSEA 90% CI = .0;
.21). Given the fit indices, the model provided a better fit than the two previous
models (see Table 5). This final model explained 5% of the variance in Lexical
Specificity, 15% of the variance in Vocabulary size, and 18% of the variance in Rhyme
Awareness. It showed that Phonological Short-Term Memory predicted Vocabulary
Size, Lexical Specificity, and Rhyme Awareness. Furthermore, Lexical Specificity
predicted Vocabulary Size and Rhyme Awareness. Thus, Lexical Specificity partially
mediated between Phonological Short-Term Memory and both Vocabulary Size and
Rhyme Awareness.
In addition, alternative models were assessed. First, a model testing whether
Vocabulary Size predicted Lexical Specificity and Rhyme Awareness was assessed.
Although all relations were significant, this model did not provide a good fit (χ2(1, n
= 101) = 4.68, p = .03, , SRMR = .082, CFI = .78, RMSEA = .19, RMSEA 90% CI
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Figure 3.3: Structural relationships among (a) phonological short-term memory, vo-
cabulary size, and rhyme awareness, (b) lexical specificity, vocabulary
size, and rhyme awareness, and (c) phonological short-term memory, lex-
ical specificity, vocabulary size, and rhyme awareness (n = 101). Note.
Numbers indicate standardized Beta Coefficients. *p < .05
= .048;.38). A second alternative model tested whether Vocabulary Size (partially)
mediated between Phonological Short-Term Memory and Lexical Specificity and
Rhyme Awareness. Not all relations were significant and this model did not provide
a good fit (χ2(1, n = 101) = 3.61, p = .06, SRMR = .053, CFI = .95, RMSEA
= .16, RMSEA 90% CI = .0;.36). In a third alternative model, Age was added as
a predictor to the original final model. This alternative model provided a good fit
(χ2(1, n = 101) = 0.36, p = .55, SRMR = .012, CFI = 1.00, RMSEA = .00, RMSEA
90% CI = .0; .22), but not all relations were significant. Because these alternative
models did not fit or did not fit as well as the original models (see Table 3.5 for
an overview), the final model of the original analysis was considered to be the best
model.
Table 3.5: Comparison of Models
Model 3a Model 3b Model 3c AlternativeModel 1
Alternative
Model 2
Alternative
Model 3
p .353 .103 .630 .03 .06 .55
χ2 .86 2.65 .24 4.68 3.61 .36
SRMR .032 .061 .013 .082 .053 .012
CFI 1.00 .90 1.00 .78 .95 1.00
RMSEA .00 .13 .00 .19 .16 .00
RMSEA
90% CI .0; .26 .0; .33 .0; .21 .048;.38 .0;.36 .0; .22
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Discussion
The current study investigated the links between individual differences in trainability
in lexical specificity, phonological short-term memory, vocabulary size and phono-
logical awareness, by means of structural equation modelling. The results showed
that, as predicted, phonological short-term memory capacity explained variance in
both vocabulary size and rhyme awareness. Furthermore, the ability to learn phono-
logically specific new words explained variance in vocabulary size and phonological
awareness. Importantly, the best-fitting model showed that trainability in lexical
specificity partially mediated between phonological short-term memory, on the one
hand, and vocabulary size and rhyme awareness, on the other.
The ability to learn new words that phonologically differ minimally was assessed
using a trainability in lexical specificity task. This training task tapped into two
distinct, but related, skills. First, it assessed the ability to learn new words (which,
we suggest, is why performance on this task influences vocabulary size). Second, it
assessed the ability to distinguish between phonologically related new words (which,
we suggest, is why performance on this task also predicts rhyme awareness). On
average, children learned 38% of the new words in the training task. The ability to
learn new words logically leads to a larger vocabulary size, as more new representa-
tions can be learned and stored. The ability to specify the sound structure of these
new representations aids in the ability to recognize them, and hence, aids in the abil-
ity to discriminate between different representations. In turn, the ability to learn
minimal pairs of new words depends on the ability to distinguish the small phono-
logical differences between the words. The neighbourhood density of words in the
lexicon thus increases with increasing vocabulary size. In addition, the specificity of
(parts of) words depends on neighbourhood density, as rimes of words from dense
neighbourhoods tend to be more specified than rimes of words from sparse neigh-
bourhoods (Storkel, 2002). The ability to distinguish between phonologically highly
similar new words, driven by phonologically specified lexical representations, in turn
facilitates phonological awareness. Indeed, children who were better in learning the
new phonologically-similar words also scored better on the rhyme awareness task.
This is in line with previous research on the link between phonologically specified
lexical representations and phonological awareness (Chapter 2; Elbro et al., 1998;
Elbro & Jensen, 2005; Fowler, 1991). Subsequently, as vocabulary size increases,
the underlying lexical representations become more specified (Metsala & Walley,
1998; Stoel-Gammon, 2011). An alternative model testing whether vocabulary size
explained variance in trainability in lexical specificity provided a poorer fit than
our original model, therefore challenging lexical restructuring accounts (Metsala &
Walley, 1998).
As expected, the current results showed that phonological short-term memory
predicted lexical specificity, vocabulary size and phonological awareness. Again, this
stresses the importance and influence of phonological short-term memory in early
childhood, as previously shown by studies relating memory capacity to, amongst
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others, reading, vocabulary, arithmetic, and school success (Baddeley, 2003; De Jong
& Van der Leij, 1999; Gathercole & Baddeley, 1993; Swanson et al., 2009).
Since this study only investigated correlations between factors, future research
could use training paradigms to examine whether the development of these factors
can be boosted through intervention. For example, learning phonologically spe-
cific new words fosters phonological awareness in 4.5-year-old monolingual children
(Chapter 2) and bilingual children (Janssen et al., 2015). The current study is a first
attempt to unravel the relationships between individual differences in trainability
in lexical specificity, phonological short-term memory, and early literacy, in 4-year-
olds. Since all precursors to literacy were measured in the first year of kindergarten
only, and this was thus a cross-sectional study, the present results should be inter-
preted with caution. Another limitation of the current study is the use of single
measures on each skill, for example the use of rhyme awareness as the sole mea-
sure of phonological awareness. To shed light on the causal relations between these
precursors and their predictive influence on literacy, that is, to improve or expand
the model proposed in the current study, future research should be longitudinal,
include multiple measures on each skill, and include measures of emerging literacy
(e.g., letter knowledge or print decoding in the older children).
In kindergarten and the early years of primary school, important goals are in-
creasing vocabulary size and enhancing phonological awareness. Children show sub-
stantial individual differences in the development of early literacy. The current
study shows that these individual differences are related to phonological short-term
memory capacity and the ability to learn phonologically specific new words. This
indicates that to improve these early literacy skills, attention could be paid not only
to short-term memory, but also to learning words that are phonologically similar.
We suggest that this could be done by teaching children new words with minimal
acoustic-phonetic differences using a lexical specificity training protocol (Chapter
2; Janssen et al., 2015). Knowledge of differences among children could be used
to improve assessment and intervention of language and reading problems in early
primary school.
To conclude, the current study examined the role of the ability to learn words
that are phonologically-similar as a precursor to early literacy in 4-year-olds showing
typical language development, by assessing interrelations between trainability in
lexical specificity and three precursors to literacy. The study replicated findings that
short-term memory is related to vocabulary and phonological awareness. The most
important new finding was that individual differences in learning phonologically
specific new words partially mediate the relationship between phonological short-
term memory and both vocabulary and phonological awareness.
43

Skill in learning phonologically-detailed new
words predicts letter knowledge22
Chapter 4
Abstract
Letter knowledge is important in phonological development and reading acquisition,
but it is not yet clear which phonological factors predict the development of letter
knowledge. Skill in learning phonologically-detailed new words may predict letter
knowledge because having well-specified lexical representations could help children
map between graphemes and phonemes. This longitudinal study investigates the role
of trainability in lexical specificity in letter knowledge development, beyond other
already-known phonological precursors to early literacy. A cohort of 71 children
participated in the first and the second year of kindergarten. Multiple hierarchi-
cal regression analyses assessed the relative contributions of phonological precursors
(lexical specificity trainability, rapid automatized naming, phonological short-term
memory, phoneme discrimination, and phonological awareness) in the first year of
kindergarten, on receptive and expressive letter knowledge in the second year of
kindergarten. The precursors explained 33.8% of the variance in receptive letter
knowledge, with lexical specificity trainability having the largest effect, followed
by phoneme discrimination, phoneme identification and phoneme synthesis. The
phonological precursors explained 22% of the variance in expressive letter knowl-
edge, with rapid automatized naming showing the largest effect, followed by lexical
specificity trainability, phoneme synthesis and phoneme discrimination. Skill in
learning phonologically-similar words thus has unique predictive value for individ-
ual differences in letter knowledge development. Learning about letters is driven to
a substantial degree by learning about the form of spoken words.
22This chapter is in revision as Van Goch, M. M., Verhoeven, L., McQueen, J. M. (in revision).
Skill in learning phonologically-detailed new words predicts letter knowledge.
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Introduction
Learning to read requires letter knowledge and phonological knowledge. The re-
lationships between letter knowledge and reading acquisition are well established
(Ehri, 1998; Hulme et al., 2012), as are those between phonological precursors and
reading acquisition (Bradley & Bryant, 1983; Kuhl et al., 2008; Stanovich, 1992;
Wagner & Torgesen, 1987; Verhoeven, Reitsma, & Siegel, 2011). However, little is
known about which phonological precursors in kindergarten predict letter knowl-
edge. In this paper, we examined the impact of learning new, highly similar lexical
representations on the development of letter knowledge in kindergarten. We hypoth-
esized that skill in learning phonologically-similar words uniquely predicts individual
differences in letter knowledge development over other known phonological precursor
measures.
De Jong & Olson (2004) found that phonological memory and rapid automa-
tized naming (RAN), but not vocabulary, predicted letter knowledge of pre-readers.
Torppa et al. (2006) found that, amongst others, phonological awareness, phono-
logical memory and RAN predicted delayed letter knowledge. For the children in
their sample who were at risk for reading difficulties, phonological awareness pre-
dicted letter knowledge best, while for the non-risk children, phonological memory
and RAN did. Beyond these phonological influences on letter knowledge acquisi-
tion, however, it is possible that the ability to learn words also has an effect. In the
complicated set of interrelations predicting early literacy in kindergarten, phono-
logical representations in the mental lexicon play an important role (Elbro et al.,
1998; Fowler, 1991; Foy & Mann, 2001; Metsala & Walley, 1998), presumably be-
cause phonological skills help children build a phonological lexicon. We asked here
whether children who are good at learning phonologically-similar new words are also
good in learning about letters.
The phonological specificity and richness of lexical representations evolves over
time, spurred by learning new words, especially words that are phonologically sim-
ilar. When vocabulary is small, the number of phonological neighbors is relatively
low and the need to discriminate between representations is scarce. With increasing
vocabulary, however, neighborhoods become denser, making specified representa-
tions crucial for learning new words and discriminating between them, according to
the Lexical Restructuring Model (Metsala & Walley, 1998). The Lexical Quality
Hypothesis (Perfetti & Hart, 2002) too, highlights the idea that phonology, the lex-
icon and learning about orthography go hand in hand, stating that a representation
should have good phonological, semantic and orthographic quality, in order for it to
be accessed and used adequately.
Skill in learning phonologically similar words, that is, trainability in lexical speci-
ficity, is measured here using a word learning game, in which children learn pairs of
words that are phonologically similar, using spoken words and pictures (Chapter 2.
The ability to learn these minimally different words fosters phonological awareness
in both native and non-native pre-readers, and partially mediates between phonolog-
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ical short-term memory, phonological awareness and vocabulary breadth (Chapter
2; Chapter 3; Janssen et al., 2015).
Our hypothesis is that being good in learning new words and discriminating be-
tween them relates to letter knowledge because increasingly specified representations
make it possible for children to discriminate better between similar representations
(Metsala & Walley, 1998), and, in the same way, between letter names (Foy &
Mann, 2001). This, then, makes it easier to map letters onto well-specified repre-
sentations (Elbro et al., 1994). Letter names can be considered novel words (Share,
1995) and since they are highly similar, their representations need to be well spec-
ified. Knowing the difference between <v> and <g> also encompasses being able
to hear the phonetic difference in the letter representations (i.e., phoneme discrim-
ination). Mann & Foy (2003) speculate that "a tacit restructuring of phonological
representations to distinguish between phonemes as well as syllables is spurred by
the learning of letter names such as "vee," "gee," "dee," and "tee" since letter names
involve some highly overlapping features that produce dense neighborhoods of CV
items" (p. 153). This might mean that trainability in lexical specificity, that is,
being good at learning new minimal pairs, is related to learning letters, because
1) since letters names differ minimally, being good at learning minimally different
words will aid letter learning too, and 2) since being good at learning minimally
different words fosters phonological awareness (Chapter 2; Chapter 3; Janssen et
al., 2015), which in turn benefits letter learning (Torppa et al., 2006).
A distinction should be made between receptive and expressive letter knowledge,
or knowledge of letter sounds and of letters names (De Cara & Goswami, 2003a).
Receptive letter knowledge involves being able to recognize the target letter among
distracter letters in a passive task, whereas expressive letter knowledge involves
naming letters in an active task. Receptive and expressive letter knowledge tap
into different systems and have different developmental trajectories (Treiman &
Broderick, 1998). For example, receptive letter knowledge is more strongly linked to
phonological awareness and early reading skills than is expressive letter knowledge
(Barron et al., 1992; Burgess & Lonigan, 1998; Mann & Foy, 2003; Treiman &
Broderick, 1998).
In the present study, the impact of trainability of lexical specificity in letter learn-
ing is examined in Dutch kindergartners. In the Netherlands, children typically at-
tend kindergarten for two years. Letter knowledge is often used to assess whether
a child is ready to learn to read: in most Dutch schools, children are supposed
to be able to name a specific number of letters at the end of kindergarten, before
they can advance to first grade, where they will receive formal reading education.
The schools that participated in this study did not teach the children any formal
letters in kindergarten. We therefore investigated how letter knowledge develops
before formal training begins, and, more specifically, which factors in the first year
of kindergarten predict letter knowledge in the second year of kindergarten.
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This study differs from previous studies in: 1) focusing on trainability in lexical
specificity as a predictor (whereas previous studies did not study this, or used dif-
ferent measures to assess (the specificity of) phonological representations), and 2)
making a distinction between receptive and expressive letter knowledge (not all pre-
vious studies did this). We used a longitudinal design to look at the developmental
trajectory, and multiple hierarchical regression analyses to assess the relative influ-
ence of each phonological factor while controlling for the other factors. As predictors,
RAN, phonological short-term memory, speech decoding (i.e., phoneme discrimina-
tion), rhyme awareness, phoneme awareness (i.e., phoneme synthesis, phoneme iden-
tification) and trainability of lexical specificity in the first year of kindergarten were
used. Receptive and expressive letter knowledge in the second year of kindergarten
were used as dependent variables.
We hypothesized that trainability in lexical specificity contributes unique vari-
ance to both receptive and expressive letter knowledge, beyond the influence of the
other phonological precursor measures, either directly or via phonological aware-
ness. RAN is hypothesized to predict letter knowledge, because both skills require
visual processing of targets and retrieval from memory (De Jong & Olson, 2004;
Torppa et al., 2006). Phonological short-term memory was also hypothesized to be
an important predictor, because to be able to learn and use letters, children have
to be able to keep them in their memory (De Jong & Olson, 2004; Torppa et al.,
2006). Speech decoding should predict letter knowledge too, because a child has to
be able to perceive the difference between phonemes to discriminate between, and
then learn, letters. With respect to the different measures of phonological awareness,
rhyme awareness is considered to be less important as a predictor of letter knowl-
edge, because rhymes do not correspond to letters. Phoneme synthesis and phoneme
identification should also predict letter knowledge, because phoneme awareness is
related to letter knowledge (Torppa et al., 2006).
Method
Participants and procedure
A cohort of 71 children (37 boys) from six different schools participated in the
first year of kindergarten (average age: 50 months, range: 47-53 months) and in
the second year of kindergarten (average age: 66 months). None of the schools in
the study formally taught letters or reading in kindergarten. None of the children
was diagnosed with language or developmental problems. All children were tested
individually in a quiet room in their school. The tasks were administered in the
following order.
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Tasks in first year of kindergarten
Phonological short-term memory
In the first subtask of the task Geheugen [Phonological short-term memory] from
the standardized Screeningstest voor Taal- en Leesproblemen [Diagnostic Test for
Language and Literacy Problems] (Verhoeven, 2005), children were asked to recall
series of spoken words. In the second subtask, children recalled sentences. The
series and sentences increased in length over the course of the subtasks. A subtask
was brought to an end when four consecutive items (word series or sentences) were
recalled incorrectly. The score for phonological short-term memory was the word
recall subscore plus twice the sentence recall subscore.
Rapid automatized naming
In the subtest Rapid naming: plaatjes [Rapid naming: pictures] from the Screening-
stest voor Taal- en Leesproblemen, children were asked to name as many pictures as
possible in one minute, after being presented with a card with a total of 120 pictures
of 5 recurring easily identifiable different objects. The score represents the number
of correctly produced words.
Phonological awareness
Phonological awareness was measured using three tasks from the standardized Screen-
ingsinstrument Beginnende Geletterdheid [Diagnostic Instrument for Emergent Literacy]
(Vloedgraven et al., 2009), each assessing different aspects of phonological aware-
ness. In all tasks, children saw and heard three response alternatives and an auditory
target question. Every task contained two practice trials and fifteen test trials and
took five to eight minutes on average. Scores reflect the percentages of correct trials.
Rhyme awareness. Children were asked to select the picture whose name
rhymed with the auditorily presented target stimulus. An example is: ’Hoed, bal,
peer; wat rijmt op beer?’ [’Hat, ball, pear; what rhymes with bear?’].
Phoneme synthesis. Children heard the consecutive phonemes of the target
stimulus and indicated which picture depicted the word that was targeted. An
example is: ’Hoed, bal, peer; b - a - l’ [’Hat, ball, pear; b - a - l?’].
Phoneme identification. After presentation of the target consonant and a high-
frequent word with the target consonant as the initial phoneme, children selected
the picture whose initial phoneme was the target phoneme. An example is: ’Hoed,
bal, peer; de b van beer’ [’Hat, ball, pear; the b of bear’].
Speech decoding: phoneme discrimination
In the subtest Auditieve discriminatie [Phoneme discrimination] of the Screening-
stest voor Taal- en Leesproblemen, children were asked whether pairs of spoken words
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were the same. The task contained two practice items and forty test items, of which
twelve pairs were the same (hak - hak), eleven had a vowel contrast (boom - bom),
eight had a voice contrast (beer - peer) and nine had a place contrast (tak - pak).
All words were monosyllabic. Scores reflect the percentages correct. If children did
not do well on the first ten trials, assessment was terminated and their score was
set to chance level.
Trainability in lexical specificity
Children were taught new, phonologically-similar words (Chapter 2), using quadru-
plets consisting of two unfamiliar target words that differed on one acoustic-phonetic
feature (e.g., raap [turnip] and raat [honeycomb]), an unfamiliar control word (e.g.,
raaf [raven]) and a familiar control word (e.g., raam [window]). Words were taught
to associate the auditory forms of the new words with pictures of the words’ refer-
ents. Task difficulty increased gradually (see Chapter 2 for further details). The task
consisted of 134 trials (5 practice trials, 124 experimental trials, 9 fillers) and took
20 minutes on average. The scores represent the percentage of correctly recognized
words.
Tasks in second year of kindergarten
Receptive letter knowledge
In the letter knowledge subtask from the Screeningsinstrument Beginnende Gelet-
terdheid, four response alternatives (i.e., graphemes) were presented visually and
auditorily, after which the target stimulus and a word containing the target stim-
ulus were sounded out. Children selected the target letter among the response
alternatives. An example item was: ’B, p, l, r; de l van lamp’ [B, p, l , r; the l of
lamp’]. The task consisted of two practice items and 32 experimental items. Scores
reflect percentages correct.
Expressive letter knowledge
In the letter naming subtest from the Taaltoets Alle Kinderen [Dutch Language
Test for Children] (Verhoeven & Vermeer, 2006), children named 34 graphemes,
presented to them on a card, as accurately and as fast as possible. The score was
the percentage of correctly named graphemes.
Results
Descriptive statistics and correlations
The descriptive statistics (Table 4.1) show that for all tasks for which it was possible
to assess chance level, children scored significantly above chance, except for Phoneme
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Identification. Performance was significantly better than chance on Phoneme Dis-
crimination in spite of the fact that 44 children (62%) found the task too difficult
and had their scores set to chance level. The correlations between variables (Ta-
ble 4.1) demonstrate that the dependent variables, Receptive and Expressive Letter
Knowledge, correlated very strongly with each other.
Both correlated weakly to moderately with all independent variables except Rhyme
Awareness, and Receptive Letter Knowledge did not correlate significantly with
RAN. The independent measures did not all correlate with each other. Phonological
Short-Term Memory correlated moderately with RAN and Rhyme Awareness and
weakly with Phoneme Synthesis. Furthermore, weak correlations between Lexical
Specificity Trainability and Rhyme Awareness, and between Phoneme Discrimina-
tion and Rhyme Awareness were found, whereas Phoneme Identification did not
correlate with any of the independent measures. This indicates that multicollinear-
ity was unlikely to be a problem for the hierarchical regression analyses.
Hierarchical regressions
Multiple hierarchical regressions were carried out (Table 4.2). The order in which
the variables were entered into these stepwise analyses was chosen based on previous
research and the research questions.
Receptive Letter Knowledge
In the first regression analysis, Receptive Letter Knowledge was the dependent vari-
able. In the first step, two predictors were entered: RAN and Short-Term Memory.
Neither the model nor the independent variables were statistically significant. In
Step 2, Phoneme Discrimination was added. This model was statistically signifi-
cant and explained 9.9% of the variance (F(3,67) = 3.576; p < .05). After entry of
Rhyme Awareness, Phoneme Synthesis and Phoneme Identification at Step 3, the
total variance explained by the model was 23.9% (F(6,64) = 4.665; p < .001). In
the final model, the entry of Lexical Specificity Trainability improved the model sig-
nificantly, which led to 9.9% additional explained variance (∆R2 = .100, F(1,63) =
10.585, p < .01). The final model explained 33.8% of the variance (F(7,63) = 6.109;
p < .001). In the final model, four out of seven predictor variables were statistically
significant: Lexical Specificity Trainability had a higher Beta value (β = .342, p <
.01) than Phoneme Discrimination (β = .336, p < .01), Phoneme Identification (β
= .230, p < .05) and Phoneme Synthesis (β = .215, p < .05).
Expressive Letter Knowledge
The dependent variable in the second regression analysis was Expressive Letter
Knowledge. Step 1 included RAN and Short-Term Memory. It was statistically
significant and explained 8.1% of the variance (F(2,68) = 4.089; p < .05). After entry
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of Phoneme Discrimination in Step 2, the model explained 12% of total variance
(F(3,67) = 4.178; p < .01). In Step 3, Rhyme Awareness, Phoneme Synthesis and
Phoneme Identification were added, leading to 18% explained variance (F(6,64) =
3.555; p < .01). The final model, including Lexical Specificity Trainability, explained
22% of total variance (F(7,63) = 3.816; p < .01), which is significantly more than the
model without Lexical Specificity Trainability (∆R2 = .048, F(1,63) = 4.284, p <
.05). Four predictor variables were statistically significant in the final model: RAN
had a higher Beta value (β = .342, p < .01) than Lexical Specificity Trainability (β =
.336, p < .01), Phoneme Synthesis (β = .230, p < .05) and Phoneme Discrimination
(β = .215, p < .05).
Discussion
The current study investigated whether letter knowledge development is influenced
by the ability to learn new words that phonologically differ minimally from each
other. We assessed the relative contributions of lexical specificity trainability and
several other phonological factors in the first year of kindergarten on the develop-
ment of receptive and expressive letter knowledge in the second year of kindergarten.
The precursors in the first year of kindergarten explained 33.8% of the variance in
receptive letter knowledge in the second year of kindergarten. Lexical specificity
had the largest effect on receptive letter knowledge, followed by phoneme discrim-
ination, phoneme identification and phoneme synthesis. Furthermore, the factors
in the first year of kindergarten explained 22% of the variance in expressive let-
ter knowledge in the second year of kindergarten. RAN had the largest effect on
expressive letter knowledge, followed by lexical specificity, phoneme synthesis and
phoneme discrimination.
The most important finding of the current study is that trainability in lexical
specificity, that is, the ability to learn new words that differ minimally, has unique
predictive value on individual differences in letter knowledge, above and beyond
other known phonological precursors to early literacy. Two not mutually exclusive
explanations are possible for this. First, the trainability in lexical specificity task
measures how well children can learn new lexical representations with small acoustic-
phonetic differences (e.g., /al/ and /ar/). The process of learning letters also entails
learning new representations, with equally small acoustic-phonetic differences (e.g.,
/El/ and /Er/). Thus, letter knowledge could be directly related to trainability in
lexical specificity. Second, skill in learning new lexical representations with small
acoustic-phonetic differences fosters phonological awareness (Chapter 2; Chapter 3;
Janssen et al., 2015), which in turn fosters letter knowledge development (Torppa et
al., 2006). Thus, trainability in lexical specificity could be related to letter knowl-
edge via phonological awareness. Mann & Foy (2003) suggest that the learning
of letter sounds (i.e., receptive letter knowledge) is mostly related to phonologi-
cal awareness, while the learning of letter names (i.e., expressive letter knowledge)
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might reflect a form of word learning. Here, we showed that trainability in lexical
specificity uniquely predicted both receptive and expressive knowledge. The current
study does not allow us to decide between the two alternative explanations, and
both may indeed be correct. On any of these possible accounts, however, the lexi-
con is involved in the process of learning letters. Speech decoding, assessed through
phoneme discrimination, significantly predicted individual differences in both recep-
tive and expressive letter knowledge. Categorical perception of phonemes relates to
discriminating letter sounds: if children cannot perceive differences in phonemes,
they will not be able to discriminate the sounds of letters.
RAN significantly predicted expressive letter knowledge, adding to the evidence
that skill in RAN is a precursor to early literacy and is distinct from phonological
awareness and phonological short-term memory (De Jong & Olson, 2004; Torppa
et al., 2006; Wolf & Bowers, 1999; Manis et al., 1999). Interestingly, De Jong &
Olson (2004) put word learning central in the explanation of their RAN findings,
saying that when letters are learned, the phonological representation of the letter
name or sound is first temporarily stored in phonological short-term memory and
then, together with the letter form, in long-term memory. This account fits with
our finding that the ability to learn phonologically similar words explains letter
knowledge. What then might be any added effect of RAN on letter knowledge?
One possibility is that, as Manis et al. (1999) suggest, RAN reflects the learning
of arbitrary relations. Our finding might also reflect a more general effect of speed
of processing, since both the RAN and the expressive letter knowledge tasks were
speed measures: children were asked to name the pictures (in the RAN task) or the
letters (in the expressive letter knowledge task) as fast and as accurately as possible.
The two measures of phoneme awareness, phoneme identification and phoneme
synthesis, both predicted letter knowledge, thus adding to the evidence that phono-
logical awareness and letter knowledge are related (Burgess & Lonigan, 1998; Car-
roll, Snowling, Stevenson, & Hulme, 2003; R. S. Johnston, Anderson, & Holligan,
1996; Torppa et al., 2006; Lonigan, Burgess, & Anthony, 2000). In written lan-
guage, phonemes are represented (more or less transparently) by letters (Torppa et
al., 2006). But while both phoneme identification and phoneme synthesis predicted
receptive letter knowledge here, only phoneme synthesis predicted expressive letter
knowledge. There may be two (related) reasons for this. First, the receptive task
required phonological awareness, whereas the expressive task did not. In the re-
ceptive task, children heard the target phoneme and a word containing the target
phoneme and then clicked on the letter that corresponds to the target phoneme. In
contrast, the expressive task assessed letter naming, which does not require as much
phonological awareness. Second, the phoneme identification task and the receptive
letter knowledge task are very similar. The difference is that the response alterna-
tives in the first task are pictures (words), and in the latter, are letters. Mann &
Foy (2003), too, state that phoneme manipulation (i.e., awareness) is more strongly
linked to receptive letter knowledge than to expressive letter knowledge.
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As expected, rhyme awareness did not explain letter knowledge, adding to the lit-
erature that phoneme awareness, rather than awareness of larger units like rhymes,
is correlated to early literacy (Mann & Foy, 2003). A reason for this might be that
except for open syllables, rhymes never correspond one-to-one with individual let-
ters. They do however correspond to phonemes, explaining the influence of phoneme
discrimination and phoneme awareness.
Phonological short-term memory did not predict letter knowledge, probably be-
cause word and sentence repetition (the skills measured in the phonological short-
term memory task used here), do not require processes needed for letter learning.
Other studies may have found an effect of phonological short-term memory on letter
knowledge because they used sentence and nonword repetition (De Jong & Olson,
2004; Torppa et al., 2006), tasks that do require phonological manipulation skills
that are beneficial for letter learning. These skills are represented by other factors
in the current study, such as trainability in lexical specificity.
Letter knowledge as a part of early literacy and a predictor of reading ability was
the focus of this study. Since the children in this study did not yet receive formal
reading instruction, word decoding skills were not assessed. Future research could
expand the current study by also taking word decoding into account. Apart from
not receiving formal reading education, the children did not receive formal letter
education either: their schools did not teach letters in kindergarten. However, of
course, some children learned letters from their parents or older siblings, through
educational games, or through other means. The relatively large standard deviation
for expressive letter knowledge showed that there were substantial individual dif-
ferences in this task, presumably reflecting natural classroom variation. This study
provided insight in the causes of these individual differences, namely, that letter
learning is (to a substantial degree) driven by learning about the form of spoken
words. Given the significance attributed to letter knowledge in education, it is im-
portant to identify how letter knowledge development unfolds and which factors
play a role in this process. With timely assessment of potential letter knowledge
development problems or delays, teachers could provide suitable intervention for
at-risk children.
In summary, the ability to learn new words that phonologically differ minimally
from each other predicts both receptive and expressive letter knowledge, over other
known phonological precursors to early literacy. Thus, the lexicon is involved in the
process of learning letters.
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Success in learning similar-sounding words
predicts vocabulary depth above and beyond
vocabulary breadth23
Chapter 5
Abstract
In lexical development, the specificity of phonological representations is important.
The ability to build phonologically specific lexical representations predicts the num-
ber of words a child knows (vocabulary breadth), but it is not clear if it also fosters
how well words are known (vocabulary depth). Sixty-six children were studied in
kindergarten (age 5.6) and first grade (age 6.7). The predictive value of trainabil-
ity in lexical specificity, speech decoding and phonological awareness on vocabulary
breadth and depth was assessed using hierarchical regression. Trainability in lexi-
cal specificity explained unique variance in kindergarten and first grade vocabulary
depth, over the other phonological precursors. It did not explain unique variance
in vocabulary breadth. Furthermore, speech decoding and phonological awareness,
kindergarten trainability in lexical specificity still explained unique variance in first
grade vocabulary depth, even after controlling for kindergarten vocabulary breadth.
Skill in learning phonologically-similar words appears to predict word knowledge
above and beyond vocabulary size.
23This chapter is in revision as Van Goch, M. M., Verhoeven, L., McQueen, J. M. (in revision).
Success in Learning Similar-Sounding Words predicts Vocabulary Depth above and beyond
Vocabulary Breadth.
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Introduction
The phonological richness and specificity of representations of words in the mental
lexicon is important for learning to read: it is related to potential reading problems
(Elbro et al., 1998) and phonological awareness (Elbro et al., 1998; Fowler, 1991;
Metsala & Walley, 1998) and being able to learn new phonologically-similar words
is related to phonological awareness (Chapter 2; Chapter 3; Janssen et al., 2015)
and vocabulary size (Chapter 3). But is this effect on vocabulary restricted to
the number of words known (vocabulary breadth), or does being good at learning
phonologically-similar words also foster how well those words are known (vocabulary
depth)?
Vocabulary breadth can be measured by asking participants which of multiple
presented pictures corresponds to an auditorily presented word, whereas vocabulary
depth can be assessed by asking participants to describe or define a given word.
Thus, breadth tasks generate simple scores of the number of words known, whereas
depth tasks give an indication of how much knowledge the child has. These dis-
tinct aspects of vocabulary have different developmental trajectories and relations
to other early literacy skills. For example, Ouellette (2006) found that in fourth
grade students, receptive vocabulary breadth predicted word decoding, expressive
vocabulary breadth predicted visual word recognition and vocabulary depth pre-
dicted reading comprehension. Most studies have focused on vocabulary breadth
(Chapter 3; Elbro et al., 1998), but development of vocabulary depth should not be
overlooked, given its relation to reading comprehension, an important predictor for
academic success.
The richness and specificity of phonological representations plays a crucial role
in several accounts of vocabulary development. The lexical restructuring model
(Metsala & Walley, 1998) suggests that representations gradually develop from more
global to more specified and that this lexical restructuring is related to vocabulary
breadth: increasing vocabulary size leads to increasingly segmented representations.
More recently, however, the relationship between lexical specificity and vocabulary
has been suggested to be bidirectional or mutually dependent (Beckman, Munson,
& Edwards, 2007; Munson et al., 2011). Underspecified representations are also
the key feature of the phonological representations hypothesis (Hulme & Snowling,
2009; Swan & Goswami, 1997), which proposes that children with poorer early
literacy skills (i.e., reading and phonological awareness) have a basic deficit in how
the sound structures of words are represented in the brain. According to the lexical
quality hypothesis (Perfetti, 2007; Perfetti & Hart, 2002), words can only be accessed
and used adequately if their form (phonology and orthography) and meaning are
represented with sufficient precision, flexibility and quality.
These theories are supported by ample studies. The study discussed in Chapter 3
showed that the ability to learn phonologically-similar words is related to vocabulary
breadth. Kindergartners who were good in learning similar-sounding words knew
more words. Being good in learning new words logically leads to a larger vocabulary,
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because more new representations can be learned and stored. Elbro et al. (1994)
found that the phonological representations of words of adults who were diagnosed
with dyslexia as a child were less specified than those of normal reading adults.
Dyslexic adults were less able to discriminate between similar-sounding words, even
when semantic word knowledge was taken into account. Elbro & Jensen (2005)
showed that dyslexic adolescents were less able to learn new words and to learn new
variants of known words than reading level matched controls, again suggesting that
poorly specified representations may be an underlying problem in dyslexia.
Other phonological skills are also related to lexical development. Speech decoding,
often measured by phoneme discrimination tasks, is crucial to word learning. Being
able to abstract discrete units from the continuous speech stream makes it possible
to learn words and their forms and meanings (McQueen, 2006). Indeed, 12-month-
olds who were better at segmenting speech had a larger expressive vocabulary at
24 months and scored higher on vocabulary and other language measures in kinder-
garten (Newman et al., 2006). Likewise, a study with Dutch children showed that
speech decoding skills at 7 months of age were associated with vocabulary and lan-
guage production at age 3 (Kooijman et al., 2013). However, in a very similar study,
Junge & Cutler (2014) did not find a relationship between infant speech decoding
and vocabulary at age 5. Phonological awareness is also closely related to vocab-
ulary (Bowey & Patel, 1988; Chaney, 1992; Metsala & Walley, 1998). Although
most research has focused on vocabulary as a predictor of phonological awareness
(Metsala, 1999; Wagner et al., 1994) this relationship can probably at best be con-
sidered bi-directional (Ehri, 2005), in that awareness of speech sound units aids
discriminating between words and hence fosters word learning.
Thus, phonology and the lexicon are interacting elements; phonological and lexi-
cal development are intertwined (Stoel-Gammon, 2011). However, one question that
remains concerns the strength and directionality of these relationships. Do individ-
ual differences in these phonological precursors explain unique variance in individual
differences in vocabulary? Another important question is whether these precursors
are also related to vocabulary depth. Does skill in these phonological precursors
only increase the number of words known, or also how well those words are known?
The current study addressed these two questions. The role of the ability to learn
new words that phonologically differ minimally from each other (trainability in lexi-
cal specificity) in vocabulary development was evaluated, while controlling for other
phonological precursors (speech decoding and phonological awareness), using hierar-
chical regression analyses and a longitudinal design. Trainability in lexical specificity
was assessed using a word-learning game in which children were taught words that
sounded similar, by means of spoken words and pictures (Chapter 2). Speech decod-
ing was measured by a phoneme discrimination task; phonological awareness was
assessed through rhyme awareness, phoneme identification and phoneme synthesis.
The first research question was whether the ability to learn similar-sounding new
words in kindergarten explains unique variance in kindergarten and first grade vo-
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cabulary breadth and depth. Trainability in lexical specificity was predicted to con-
tribute unique variance to vocabulary breadth and depth, beyond the contribution
of speech decoding skills and phonological awareness. Speech decoding skills and
phonological awareness in kindergarten were hypothesized to explain unique variance
in vocabulary breadth and depth in the first grade of elementary school (Kooijman
et al., 2013; Newman et al., 2006). Trainability in lexical specificity in kindergarten
could account for additional variance, because learning new phonologically-similar
representations predicts phonological awareness and vocabulary (Chapter 2; Chap-
ter 3; Elbro et al., 1998; Janssen et al., 2015). The ability to learn similar-sounding
words fosters the number of words children know (Chapter 3) and likely also how
well they know them, due to mappings between phonological and semantic informa-
tion of representations in the mental lexicon. The trainability in lexical specificity
task contains a phonological and a semantic component: children learn new spoken
words by linking them to pictures. A good word learner may free up resources for
learning more about words. If a child picks up words quickly, it can devote more
energy to learning more about those words.
The second research question asked to which extent the ability to learn new
phonologically-similar representations in kindergarten predicts vocabulary depth in
first grade, above and beyond vocabulary breadth, speech decoding and phonolog-
ical awareness in kindergarten. This was hypothesized to be the case, because the
ability to learn new words that differ minimally from each other is a skill that is
not reflected in any of the other tasks. Again, better word learners were expected
to have more processing resources to learn more about the new words, making it
possible to learn more about word meanings, leading to increased vocabulary depth.
Method
Participants
Sixty-six randomly selected children (38 boys) were assessed in the second year of
kindergarten (K2; mean age 5.6 years) and in first grade (G1; mean age 6.7 years).
In the Netherlands, children typically attend two years of kindergarten, during which
they do not yet receive explicit reading instruction. Formal reading education com-
mences in first grade. All children were monolingual speakers of Dutch; none of
them was diagnosed with developmental or language-related problems, according to
their parents and/or teachers.
Materials
Lexical Specificity Trainability
The trainability of the phonological specificity of lexical representations was mea-
sured using the word-learning game from Chapter 2. Children learned pairs of new
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lexical representations that phonologically differed minimally from each other, by
means of pictures and auditory stimuli. The stimuli were grouped into 24 quadru-
plets of real monosyllabic Dutch words. Each quadruplet consisted of two unfamiliar
target words that differed on one acoustic-phonetic feature (e.g., raap [turnip] and
raat [honeycomb] differ in place of articulation), an unfamiliar control word (e.g.,
raaf [raven]) and a familiar control word (e.g., raam [window]). Both control words
differed on two acoustic-phonetic features with both target words. Four pictures
were shown (two experimental stimuli and two highly familiar filler pictures), and
the target question was presented auditorily, containing only one of two target words
of a stimulus quadruplet (e.g., What do you think is a raap?). Over the course of
the task, the difficulty of the task increased gradually. The task took 15 minutes on
average. The score was the percentage of correct trials.
Speech Decoding
In the standardized Phoneme Discrimination subtask of the Diagnostic Test for
Language and Literacy Problems (Verhoeven, 2005) children were asked if two au-
ditorily presented words were the same. All stimuli were monosyllabic high-frequent
words. The words in the word pairs were either the same, or they differed on manner
of articulation, place of articulation, or voicing. The score was the percentage of
correct trials.
Phonological Awareness
In all three subtasks of the standardized Diagnostic Instrument for Emergent Literacy
(Vloedgraven et al., 2009), children were presented with three response alternatives
(visually on a computer screen and auditorily over headphones) and the experimen-
tal question (auditorily). In the Rhyme Awareness task, children selected the
response alternative that rhymed with the target stimulus (’Hoed, bal, peer; wat
rijmt op beer?’ [’Hat, ball, pear; what rhymes with bear?’]). In the Phoneme
Synthesis task, children combined the separate phonemes of the auditory target
into a word and selected the response alternative that depicted that word (’Hoed,
bal, peer; /b/ - /a/ - /l/’ [’Hat, ball, pear; /b/ - /a/ - /l/’]). In the Phoneme
Identification task, children selected the response alternative whose name started
with the same phoneme as the auditory target stimulus (’Hoed, bal, peer; de b van
beer’ [’Hat, ball, pear; the b of bear’]). The score for Phonological Awareness was
the average percentage of correct trials across the three subtasks.
Vocabulary
Breadth. In the Receptive Vocabulary task of the standardized Dutch Language
Test for Children (Verhoeven & Vermeer, 2006), four response alternatives were vi-
sually presented to the children. Given an auditory target stimulus, the children
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were asked to select the picture of the word that was named. The task was discon-
tinued if five consecutive errors were made. The score on this task was the number
of correct trials.
Depth. In the Word Description task of the same Dutch Language Test, children
were asked to define a given spoken word (e.g., battery). Per trial, children could
score two, one, or zero points, depending on the extensiveness of their answer. Zero
points were given in case of incorrect or null answers. One point was administered
if the child partly defined the target word (e.g., a battery goes in a remote control).
Two points were given if the child completely defined the target word (e.g., a battery
provides energy to a remote control). The task was discontinued if zero points were
given in four consecutive items. The score was the sum of points for all trials.
Procedure and data analysis
All children were tested individually in a quiet room in their school. The tests
were administered in a fixed order, in three sessions of maximally thirty minutes.
Vocabulary Breadth and Depth were administered in both K2 and in G1; the other
tasks were administered only in K2.
Results
Descriptive statistics and correlations
Children scored above chance level on all measures for which this was possible to
assess (Table 5.1). Four children (6%) scored below chance on Lexical Specificity
Trainability, four children scored below chance on Phoneme Discrimination, and
zero children scored below chance on Phonological Awareness.
Table 5.1: Descriptive Statistics (n = 66)
Mean (SD) Chance level
Kindergarten 2
Lexical Specificity Trainability 47.54%* (14.266) 25%
Phoneme Discrimination 78.03%* (14.604) 50%
Phonological Awareness 62.05%* (15.545) 33%
Vocabulary Breadth 60.38 (11.025) n/a
Vocabulary Depth 15.35 (5.702) n/a
Grade 1
Vocabulary Breadth 77.85 (7.592) n/a
Vocabulary Depth 21.51 (4.427) n/a
*Performance significantly above chance level (if possible to assess).
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The correlations amongst the predictor variables were significant, but weak (Table
5.2), indicating that multicollinearity was unlikely to be a problem for the regression
analyses. All correlations between the dependent variables (K2 and G1 Vocabulary
Breadth and Vocabulary Depth) were moderate to strong. Lexical Specificity Train-
ability correlated with all dependent variables, except for G1 Vocabulary Breadth.
Phonological Awareness correlated with all dependent variables; Phoneme Discrim-
ination only correlated with K2 Vocabulary Breadth.
Table 5.2: Correlations between Variables of Children’s Performance (n = 66)
1 2 3 4 5 6 7
Kindergarten 2
1. Lexical Specificity
Trainability -
2. Phoneme Discrimination .270* -
3. Phonological Awareness .297* .292* -
4. Vocabulary Breadth .366** .280* .404** -
5. Vocabulary Depth .372** .112 .313* .471** -
Grade 1
6. Vocabulary Breadth .177 .196 .312* .655** .418** -
7. Vocabulary Depth .341** .023 .250* .402** .642** .343** -
Note. * p < .05; ** p < .01
Hierarchical regression analyses
Research question 1
Regression analyses assessed whether K2 Lexical Specificity Trainability predicts
Vocabulary Breadth and Vocabulary Depth in K2 and G1, after controlling for K2
Phoneme Discrimination and Phonological Awareness (Table 5.3).
In the first step, only Phoneme Discrimination was entered. This model was only
a significant predictor for K2 Vocabulary Breadth, for which it explained 6.4% of
the variance (F(1,63) = 5.371; p < .05). In the second step, Phonological Awareness
was added. Now, the model was a significant predictor for all outcome variables,
except for G1 Vocabulary Depth, explaining 16.5% of the variance in K2 Vocabulary
Breadth (F(2,62) = 7.331; p < .01), 7.0% of variance in K2 Vocabulary Depth
(F(2,63) = 3.441; p < .05) and 8.1% of variance in G1 Vocabulary Breadth (F(2,63)
= 3.874; p < .05). In the third step of the regression analysis, K2 Lexical Specificity
Trainability was added. This final model was significant for K2 and G1 Vocabulary
Depth, but not for K2 and G1 Vocabulary Breadth. The total variance explained
by the model as a whole was 14.5% for K2 Vocabulary Depth (F(3,62) = 4.682;
p < .01) and 10.9% for G1 Vocabulary Depth (F(3,61) = 3.622; p < .05). The
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introduction of Lexical Specificity Trainability explained additional 8.6% variance
in Vocabulary Depth in both K2 (∆R2 = .086; F(1,62) = 6.557; p < .05) and G1
(∆R2 = .086; F(1,61) = 6.186; p < .05).
Research question 2
Additional analyses were performed to control for the number of words children
already know in kindergarten (Table 5.4).
K2 Vocabulary Breadth was first added as a predictor and proved to be significant,
explaining 20.9% of the variance in K2 (F(1,63) = 17.926; p < .001) and 14.8% of
the variance (F(1,63) = 11.932; p < .001) in G1 Vocabulary Depth. Then, in
the second step, Phoneme Discrimination was added as a predictor. The model
was significant, explaining 19.7% of variance in K2 Vocabulary Depth (F(2,62) =
8.847; p < .001) and 14.2% of variance in G1 (F(2,62) = 6.234; p < .01), but
adding Phoneme Discrimination did not explain significantly more variance. When
Phonological Awareness was added, it did not explain significantly more variance,
but the model remained a significant predictor of K2 (20.7%, F(3,63) = 6.569; p <
.01) and G1 Vocabulary Depth (14.1%, F(3,63) = 4.453; p < .01). In the fourth step,
Lexical Specificity Trainability was added. Although the percentage of explained
variance increased, this did not lead to significantly more explained variance in K2
Vocabulary Depth (23.6%, F(4,60) = 5.950; p < .001). Adding Lexical Specificity
Trainability did improve the model significantly for G1 Vocabulary Depth (∆R2 =
.053; F(1,59) = 4.094; p < .05), explaining 18.3% of the variance (F(4,63) = 4.535;
p < .01). In the final model, K2 Vocabulary Breadth (β = .321, p < .05) and Lexical
Specificity Trainability (β = .257, p < .05) were significant predictor variables of
G1 Vocabulary Depth.
Discussion
The first research question was whether trainability in lexical specificity in kinder-
garten contributes unique variance to kindergarten and first grade vocabulary breadth
and depth, beyond kindergarten speech decoding skills and phonological awareness.
Trainability in lexical specificity did indeed explain unique variance in vocabulary
depth in both kindergarten and in first grade. Trainability in lexical specificity did
not explain unique variance over the other phonological precursors in kindergarten
in vocabulary breadth, neither in kindergarten nor in first grade. The second re-
search question involved the extent to which the ability to learn new phonologically-
similar representations in kindergarten predicted vocabulary depth in first grade, af-
ter controlling for kindergarten vocabulary breadth, speech decoding and phonolog-
ical awareness. As hypothesized, trainability in lexical specificity explained unique
variance in vocabulary depth, above and beyond vocabulary breadth and phonolog-
ical factors.
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These results are in line with previous research showing that the specificity of
phonological representations is related to phonological awareness and vocabulary
The trainability in lexical specificity task used in this study was designed to teach
children new words that phonologically differ minimally from each other. It con-
sists of a phonological and a semantic word-learning component, which interact with
each other. The semantic component involves the link between sound and meaning:
children must link the particular speech sound sequence (the spoken word) to a par-
ticular meaning (the picture). The phonological component involves the learning of
new speech sounds and discriminating between those sounds that differ minimally
from each other. Lexical specificity trainability performance was related to both
phonological and semantic performance. Individual differences on the lexical speci-
ficity task correlated with phonological awareness (as also in (Chapter 2; Chapter
3; Janssen et al., 2015), but did not predict vocabulary more than phonological
awareness. Thus, it did not add significantly more variance to the prediction of
vocabulary breadth beyond phonological awareness. On the other hand, the train-
ability in lexical specificity task did add significantly more variance to the prediction
of vocabulary depth. It can thus be assumed that when word learning becomes eas-
ier, children have more resources and/or memory left to focus on and learn the
meaning of the new words. That is, good word learners free up resources to learn
more words and learn more about those words.
Specified phonological representations thus seem to play a role in the development
of vocabulary breadth (Chapter 3) and, as shown here, of vocabulary depth. Being
able to form specified phonological representations of new words thus enables word
learning. Indeed, the dyslexic adults in the study by Elbro et al. (1994) had less
semantic and less phonological word knowledge than their normally reading spouses.
The semantic word knowledge task involved selecting the right picture (e.g., out of
a motor coach, steam locomotive and a railway carriage) when presented with an
auditory target (e.g., wagon), whereas the phonological word knowledge task in-
volved selecting which word (e.g., excursion, excavation, execution) means the same
as the target (e.g., capital punishment). This might reflect a deficit in the abil-
ity to discriminate between phonologically-similar words, resulting in less specified
representations.
The finding that trainability in lexical specificity did not explain unique vari-
ance in vocabulary breadth over speech decoding and phonological awareness was
unexpected based on previous research (Chapter 3). However, the children in the
previous study were in the first year of kindergarten. It is highly likely that the
interrelations between phonological precursors and their predicting values differ at
different time-points. Taken together, these results suggest that trainability in lexi-
cal specificity is related to vocabulary breadth in the short term, and to vocabulary
depth in the longer term. The answer to the second research question supports this
suggestion: lexical specificity trainability did not explain unique variance on vocab-
ulary depth in kindergarten, above and beyond kindergarten vocabulary breadth,
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but it did explain unique variance on vocabulary depth in first grade.
Phonological awareness predicted vocabulary breadth and depth in kindergarten
and in first grade. Most research on the relation between vocabulary and phono-
logical awareness at this point in development suggests that vocabulary predicts
phonological awareness (Metsala, 1999; Wagner et al., 1994). This study shows that
phonological awareness also explains unique variance in lexical development, both
in the numbers of words children know and in how well they know the meaning of
words. Explicit awareness of and access to phonemes, and the ability to consciously
manipulate them, thus fosters vocabulary development.
Speech decoding (i.e., phoneme discrimination) in kindergarten was a significant
predictor to vocabulary breadth in kindergarten, until phonological awareness was
added to the model. Categorical perception of phonemes thus did play a role in
lexical development, but was not as important as phonological awareness. Phoneme
discrimination might be more important earlier in lexical development (Kooijman
et al., 2013; Newman et al., 2006; Junge & Cutler, 2014).
Previous correlational and longitudinal studies have shown that vocabulary is
fairly stable during elementary school (Verhoeven & Van Leeuwe, 2008; Verhoeven,
Van Leeuwe, & Vermeer, 2011). The current study shows that lexical specificity
trainability is a motor of vocabulary development before the start of elementary
school. Future research could include assessments of other precursors to vocabulary,
e.g., home literacy and storytelling (Mol & Bus, 2011), in order to offer a complete
assessment of lexical development. In kindergarten, the current results could inform
assessment and intervention of deficits: teaching new similar-sounding words not
only benefits how many words children know, but also how well they know them.
The current study showed that skill in learning similar-sounding words explained
unique variance in vocabulary depth, beyond speech decoding and phonological
awareness. Even when controlling for kindergarten vocabulary breadth (i.e., how
many words a child knows) lexical specificity trainability contributed unique variance
to vocabulary depth (i.e., how well the child knows those words) in first grade. Thus,
children’s ability to learn phonologically-similar words in kindergarten predicts their
word knowledge in first grade, above and beyond their vocabulary size.
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Abstract
The relative influence of different phonological skills on vocabulary and early literacy
development is unclear. To investigate how trainability in lexical specificity, rapid
automatized naming, short-term memory and phonological awareness predict vocab-
ulary, letter knowledge and word decoding, children were followed from kindergarten
to first grade. Results showed that vocabulary was predicted by lexical specificity
trainability, short-term memory and phonological awareness. Letter knowledge and
word decoding were predicted by lexical specificity trainability and phonological
awareness. Thus, phonological skills before reading instruction jointly shape vo-
cabulary and early literacy one to two years later, through the development of
well-specified, phonologically rich lexical representations.
24This chapter is in revision as Van Goch, M. M., Verhoeven, L., McQueen, J. M. (in revision).
How phonological precursors jointly shape vocabulary and early literacy development.
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Introduction
The present study explores phonological precursors to vocabulary and early literacy
development, for three reasons. First, although the influence of knowledge about
phonology on lexical and literacy development is well documented, the relative con-
tributions of different phonological skills remain subject to debate. Second, several
theories assume that phonological processing, vocabulary and early literacy are re-
lated to the phonological richness and specificity of how words are represented in the
mental lexicon (Hulme & Snowling, 2009; Metsala & Walley, 1998; Perfetti & Hart,
2002), but it remains unclear how this phonological richness (or lexical specificity)
is reflected in performance on different phonological tasks. Third, understanding
the nature of the cognitive processes that underlie lexical and literacy development
is important not only from a theoretical perspective, but also from an educational
perspective. Insight in precursors would aid early assessment, identification and
intervention of potential reading problems. The current study therefore asks how
four known phonological precursors (i.e., trainability in lexical specificity, rapid au-
tomatized naming, phonological short-term memory and phonological awareness)
influence later development of vocabulary, letter knowledge and word decoding.
Not surprisingly, vocabulary and early literacy skills at the beginning of elemen-
tary school are a strong indicator of later literacy, reading success and general school
success. The measures that this study focuses on - vocabulary, letter knowledge and
word decoding - are related to similar as well as different factors later in elementary
school.
Larger vocabulary is strongly related to better performance on measures of early
literacy, reading comprehension, reading ability and general academic success
(Biemiller, 2006; Verhoeven, Reitsma, & Siegel, 2011). Children show large indi-
vidual differences in vocabulary, especially before they start kindergarten (Stoel-
Gammon, 2011). A distinction can be made between vocabulary breadth, that is,
the number of words children know, and vocabulary depth, that is, how well chil-
dren know those words (Ouellette, 2006). For example, Ouellette (2006) showed that
vocabulary breadth can be used to predict word decoding and visual word recogni-
tion, whereas vocabulary depth can be used to predict reading comprehension. The
present study includes both vocabulary breadth (measured by a receptive task) and
vocabulary depth (measured by an expressive definition task).
Letter knowledge is a strong predictor of individual differences in early word
reading skills (Bond & Dykstra, 1967; Ehri, 1998; Hulme et al., 2012; Lervag et
al., 2009). These individual differences in early word reading are related to the
extent to which children master the alphabetic principle, that is, whether they
understand that individual letters in printed words can be mapped onto individual
phonemes in spoken words (Byrne, 1998). According to this view, children need to
have knowledge of letter sounds and access to a phonemic representation of speech
in order to learn to read (Byrne & Fielding-Barnsley, 1989; Lervag et al., 2009).
Additionally, the rather arbitrary relations that have to be made when learning
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letter names and sounds are related to learning about equally arbitrary visual-
phonological mappings, which are also crucial in learning to read (Hulme et al.,
2007). Knowledge of letter names and of letter sounds are both related with each
other and with reading ability, and letter sound knowledge is a stronger correlate
of reading ability. Studies differ in whether they assess letter name knowledge or
letter sound knowledge. This is for educational reasons: in the United States letter
names are taught first, while in the United Kingdom and countries in Europe letter
sounds are taught first (Caravolas, Hulme, & Snowling, 2001; McBride-Chang, 1999;
Melby-Lervag et al., 2012). This study investigated both letter name and letter
sound knowledge.
Finally, word decoding, that is, the skill to sound out written words through
knowledge of letter-phoneme relations, is also an important measure of early literacy
and of later reading and academic success. Verhoeven, Reitsma, & Siegel (2011)
showed that word decoding skills at the beginning of elementary school are indica-
tive of word decoding skills at the end of elementary school, years later. Furthermore,
throughout elementary school, better word decoding was related to larger vocabu-
lary and better reading comprehension. Word decoding and reading comprehension
skills are also strongly negatively correlated with reading difficulties (Perfetti &
Hogaboam, 1975; Gough & Tunmer, 1986): children who fail to develop automatic
decoding skill have diminished comprehension skills. Unsurprisingly, word decoding
is strongly positively correlated with letter knowledge, as knowledge of letters is
necessary to sound out words (Ehri, 1998; Hulme et al., 2012; Melby-Lervag et al.,
2012). Therefore, in this study, letter knowledge in kindergarten is regarded as the
main precursor to word decoding in first grade.
Since these measures of vocabulary and early literacy development predict later
reading abilities, the next question to ask is what in turn predicts these early lan-
guage measures. Over the years, numerous phonological precursors have been re-
lated to these skills. Some of the precursors are considered to be more explicit
(e.g., phonological awareness), others to be more implicit (e.g., rapid automatized
naming, phonological short-term memory), based on the nature of reflection on or
awareness of the sound structure of spoken words that is required to perform the re-
spective tasks (Melby-Lervag et al., 2012). The current study focuses specifically on
four phonological precursors to early language, namely, trainability in lexical speci-
ficity, rapid automatized naming, phonological short-term memory and phonological
awareness.
First, trainability in lexical specificity is defined as the ability to learn phonologically-
similar new words. Lexical specificity training fosters rhyme awareness in monolin-
gual pre-readers (Chapter 2) and phoneme awareness in monolingual and bilingual
pre-readers (Janssen et al., 2015). Furthermore, skill in learning new words that
phonologically differ minimally is related to larger vocabulary breadth and more
rhyme awareness in the first year of kindergarten (Chapter 3), letter knowledge in
the second year of kindergarten (Chapter 4) and vocabulary depth in first grade
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(Chapter 5). The current study used the trainability in lexical specificity paradigm
of Chapter 2. Children learned new similar-sounding words that differ minimally
from each other in a word-learning game in which they had to associate novel audi-
tory words to pictures of their referents.
Second, rapid automatized naming (RAN) is the ability to rapidly retrieve and
produce names (e.g., of letters, digits, objects or colors). RAN is more related
to reading speed than to reading accuracy (Savage & Frederickson, 2005) and is
a more important precursor for poorer than for better readers (T. C. Johnston &
Kirby, 2006; Lervag et al., 2009; McBride-Chang & Manis, 1996). Some researchers
claim that RAN shares variance with other phonological tasks (Torgesen et al.,
1997), whereas others regard RAN to be a separate source of reading (dys)function
that is independent of other phonological factors (Bowey, 2005; Denckla & Rudel,
1974; Wagner et al., 1997; Wolf & Bowers, 1999). RAN tasks may specifically reflect
phonological retrieval speed (Bowey, 2005; Manis et al., 1999; Mayringer &Wimmer,
2000), more generally reflect cognitive speed (Kail & Hall, 1994; Wolf & Bowers,
1999), or reflect visual discrimination speed (Lervag et al., 2009; Wolf & Bowers,
1999). The current study used a nonalphanumeric RAN task in which children
named repeatedly presented objects.
Third, phonological short-term memory (STM), that is, the ability to temporarily
store and manage phonological information, plays an important role in the develop-
ment of letter knowledge, word decoding and vocabulary (Baddeley, 2003; De Jong
& Olson, 2004; De Jong & Van der Leij, 1999; Torppa et al., 2006; Swanson et al.,
2009). The relation between STM and early literacy may be direct and distinct from
other phonological precursors (Gathercole & Baddeley, 1993; Treiman & Broderick,
1998; Wagner & Torgesen, 1987), or indirect and mediated by underlying phono-
logical skills (Melby-Lervag et al., 2012; Wagner et al., 1993), or mediated by the
quality of or access to underlying phonological representations (Metsala, 1999). In
this study, a serial recall task was used to assess STM.
Fourth, phonological awareness is the ability to consciously reflect upon and ma-
nipulate speech sounds. It evolves from awareness of larger sound units (rimes) to
smaller sound units (phonemes) and is therefore measured by different tasks, such
as rhyme awareness, phoneme synthesis and phoneme identification. Phonological
awareness is an important and independent precursor to early literacy, especially
in kindergarten (Bradley & Bryant, 1983; Ehri et al., 2001). Three positions con-
cerning the relationship among these different types of phonological awareness exist
(Melby-Lervag et al., 2012): 1) children’s rhyme awareness may be a critical factor
in learning to read and children only develop phonemic awareness as a by-product
of having learned to read (Goswami & Bryant, 1990; Ziegler & Goswami, 2005),
2) children’s phoneme awareness may be critical for learning to read; it is not a
consequence or by-product of early literacy (Hulme et al., 2005), or 3) phonological
awareness may be a unitary skill and it may not be functional or significant to dis-
tinguish between different aspects of it (Anthony & Lonigan, 2004; Papadopoulos
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et al., 2009). Three measures of phonological awareness were used in this study,
namely, rhyme awareness, phoneme synthesis, and phoneme identification.
How do these four phonological precursors predict vocabulary and early literacy
development? Several theories attempt to explain the nature of the phonological
processes involved in learning to read in terms of the way lexical form is represented.
First, the phonological representations hypothesis (Hulme & Snowling, 2009; Swan
& Goswami, 1997) states that children with reading difficulties have ’coarsely coded,
underspecified or noisy’ (Szenkovits & Ramus, 2005) phonological representations
and it is this basic deficit in how the sound structures of words are represented that
leads to these children’s lower performance on phonological tasks and their read-
ing difficulties. Second, according to the lexical quality hypothesis (Perfetti, 2007;
Perfetti & Hart, 2002), a word’s form (phonology, orthography) and meaning (se-
mantics) should be represented with sufficient precision, flexibility and quality for
the word to be accessed and used adequately. Words with lower quality represen-
tations will consequently be accessed and used less adequately. Third, the lexical
restructuring model (Metsala & Walley, 1998) claims that lexical representations
evolve over time from more holistic to more segmented, due to lexical restructuring.
This lexical restructuring is gradual and word-specific, happens as a consequence of
vocabulary expansion and fosters the development of phonemic awareness. Deficits
in lexical restructuring lead to difficulties with phonological processing, phonemic
awareness and learning to read. Thus, although their exact claims differ, these three
theories all highlight the importance of well-specified, rich phonological representa-
tions, and state that the richness and specificity of lexical representations is related
to advantages or difficulties in skill in phonological processing, vocabulary and early
literacy.
Given the evidence that rich and specific phonological representations are neces-
sary in the development of a vocabulary and in learning to read, it may be the case
that the four phonological precursors contribute to the building of those rich, well-
specified representations. This assumption is tested in the current study. Specif-
ically, it explores the unique relations of the four phonological precursors in the
first and second year of kindergarten to vocabulary and early literacy in the second
year of kindergarten and in first grade. The novelty of this approach lies in: 1) the
inclusion of the ability to learn phonologically-similar new words with three other
better-known phonological precursors to literacy, 2) the use of, on the one hand,
vocabulary breadth and depth, and, on the other hand, receptive and expressive
letter knowledge and word decoding as dependent variables, 3) the assessment of
individual differences in phonological skills in kindergarten on individual differences
in vocabulary and early reading performance in the second year of kindergarten (be-
fore explicit reading instruction) and in first grade (during reading instruction), and
4) the use of structural equation modeling to assess the relative importance, longi-
tudinally, of individual differences in precursors. Thus, this is the first study to look
in so much breadth and depth at how these phonological precursors co-determine
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vocabulary and early literacy development.
A first set of analyses explores precursors to vocabulary. First, a path model
assesses how the phonological precursors in the first year of kindergarten predict
vocabulary in the second year of kindergarten and in first grade. A second model
assesses how the phonological precursors in the second year of kindergarten predict
vocabulary in the second year of kindergarten and in first grade. A third model
combines the previous two models to assess how the phonological precursors in
the first and second year of kindergarten predict vocabulary in the second year of
kindergarten and in first grade. Based on previous research, all four phonological
precursors, both in the first and the second year of kindergarten, are hypothesized
to predict vocabulary in kindergarten and in first grade. Precursors to letter knowl-
edge and word decoding are then evaluated. Again, first, a path model assesses the
predictive value of the phonological precursors in the first year of kindergarten on
letter knowledge in the second year of kindergarten and word decoding in first grade.
A second model assesses the relative contributions of the phonological precursors in
the second year of kindergarten on letter knowledge in the second year of kinder-
garten and word decoding in first grade. A third model explores how phonological
precursors in the first and second year of kindergarten predict letter knowledge in
the second year of kindergarten and word decoding in first grade. Based on previ-
ous research, all four phonological precursors, in the first as well as in the second
year of kindergarten, are hypothesized to predict letter knowledge, which in turn is
hypothesized to strongly predict word decoding in first grade.
Method
Participants
Sixty-six children (38 boys) were assessed in the first year of kindergarten (K1; mean
age = 4.1 years, range = 3.9-4.4), in the second year of kindergarten (K2; mean age
= 5.6) and in first grade (G1; mean age = 6.7). All children were monolingual
speakers of Dutch; none of them had developmental or language-related problems.
Materials
Trainability in lexical specificity
In the trainability in lexical specificity paradigm (Chapter 2), children learned new
words that differed minimally from each other phonologically. In this word learning
game, the new, spoken words were paired with pictures. Stimuli consisted of 24
quadruplets of existing monosyllabic Dutch words: two unfamiliar target words with
one acoustic-phonetic feature difference (e.g., raap [turnip] and raat [honeycomb]),
one unfamiliar control word (e.g., raaf [raven]) and one familiar control word (e.g.,
raam [window]). Target words differed on one acoustic-phonetic feature and control
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words differed on two acoustic-phonetic features with both target words. In every
trial, two experimental pictures, two highly familiar filler pictures and the auditory
target question (containing one target word) were presented (e.g., What do you
think is a raap?). Difficulty increased gradually in terms of the number of acoustic-
phonetic feature differences and the familiarity of the items. The task took 15 to
20 minutes on average and included 124 experimental trials. The score was the
percentage of correctly recognized words.
Rapid automatized naming
In the task Rapid naming: plaatjes [Rapid naming: pictures] from the Screeningstest
voor Taal- en Leesproblemen [Diagnostic Test for Language and Literacy Problems]
(Verhoeven, 2005), children were presented with a card containing 120 pictures of 5
repeated familiar objects and were asked to name them as fast and as accurately as
possible. The task score was the number of correctly named pictures.
Phonological short-term memory
The Geheugen [Phonological short-term memory] task of the standardized Screen-
ingstest voor Taal- en Leesproblemen consisted of one subtask in which children
recalled series of spoken words and one subtask in which children recalled sentences.
The length of the word series and of the sentences increased gradually. If four con-
secutive items in a subtask were recalled incorrectly, the subtask was discontinued.
The score on this task consisted of the word recall subscore and twice the sentence
recall subscore.
Phonological awareness
In the three standardized subtasks of the Screeningsinstrument Beginnende Gelet-
terdheid [Diagnostic Instrument for Emergent Literacy] (Vloedgraven et al., 2009),
three response alternatives (visual and auditory) and one experimental question (au-
ditory only) were presented to the children. Each subtask consisted of 15 test trials,
took five minutes on average and contained only high-frequent words. In the Rhyme
Awareness task, the picture whose name rhymed with the target word had to be
selected. An example is: ’Hoed, bal, peer; wat rijmt op beer?’ [’Hat, ball, pear; what
rhymes with bear?’]. In the Phoneme Synthesis task, the picture whose name was
the combination of separately presented phonemes had to be selected. An example
test item is: ’Hoed, bal, peer ; /b/ - /a/ - /l/’ [’Hat, ball, pear; /b/ - /a/ - /l/’].
In the Phoneme Identification task, the picture whose name started with the same
phoneme as the auditory target had to be selected. An example test item is: ’Hoed,
bal, peer; de b van beer ’ [’Hat, ball, pear; the b of bear’]. The score for Phonological
Awareness was the average percentage of correct trials across the three subtasks.
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Vocabulary
Breadth. All trials in the Receptive Vocabulary task of the standardized Taaltoets
Alle Kinderen [Dutch Language Test for Children] (Verhoeven & Vermeer, 2006)
consisted of four visually presented response alternatives and an auditory target
stimulus, which children had to match with one of the pictures. If five consecutive
errors were made, the task was discontinued. The score was the number of correct
trials.
Depth. In the standardizedWord Description task of the Taaltoets Alle Kinderen,
children gave definitions of target words (e.g., battery). Depending on their answer,
children could score two (in case of a complete definition, e.g., a battery provides
energy to a remote control), one (in case of a partly correct definition, e.g., a battery
goes in a remote control), or zero points (in case of an incorrect or null response)
per trial. If zero points were administered in four consecutive items, the task was
discontinued. The task score was the sum of points in all completed trials.
Letter knowledge
Receptive. All trials in the letter knowledge subtask from the Screeningsinstru-
ment Beginnende Geletterdheid contained four visually and auditorily presented re-
sponse alternatives (i.e., graphemes) and an auditory target consisting of the target
grapheme and a word containing the target grapheme. Children were asked to select
the target grapheme. An example item was: ’B, p, l, r; de l van lamp’ [B, p, l, r;
the l of lamp’]. The task consisted of 32 experimental items. The score was the
percentage of correct trials.
Expressive. In the letter naming subtest of the Taaltoets Alle Kinderen children
were presented with a card containing 34 graphemes, which they were asked to name
as fast and accurately as possible. The task score was the number of correctly named
graphemes.
Word decoding
In the Drieminutentoets [Three Minute Test] (Verhoeven, 1995), children were pre-
sented with a card containing written words and given one minute to read the words
out loud as fast and accurately as possible. The number of correctly read words in
one minute was the score on this task.
Procedure and data analyses
Children were tested individually in a quiet room in their school. Auditory tasks
were administered through headphones, with the volume set to the same level for
every child. In K1, phonological short-term memory, rapid automatized naming,
phonological awareness and trainability in lexical specificity were assessed, in that
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order. In K2, phonological short-term memory, rapid automatized naming, vocabu-
lary breadth, phonological awareness, vocabulary depth, receptive letter knowledge,
trainability in lexical specificity and expressive letter knowledge were assessed, in
that order. In G1, vocabulary breadth, word decoding and vocabulary depth were
assessed, in that order.
Z-scores were used for the analyses. After data exploration, receptive and ex-
pressive letter knowledge were collapsed, as were vocabulary breadth and depth, to
provide one measure of each of these factors. Collapsing was justified by positive
correlations between the two letter-knowledge measures (r = .86) and between the
two vocabulary measures (K2: r = .47; G1: r = .34). Structural equation modeling
was used to assess the relative relations between the measures. Path models were
estimated in Lisrel (Joreskog & Sorbom, 1996) and the goodness of fit of the models
was assessed by χ2, Standardized Root Mean Square Residual (SRMR), Compar-
ative Fit Index (CFI), and Root Mean Square Error of Approximation (RMSEA).
The chi-square test should be non-significant (p > .05), SRMR should be below .08,
CFI should be above .90 and RMSEA should be below .08 (Hu & Bentler, 1999).
Results
Descriptive statistics
The descriptive statistics (Table 6.1) showed that children improved significantly on
all four precursors from K1 to K2. Furthermore, children improved significantly on
the two measures of vocabulary from K2 to G1.
Correlations
The correlations among the four precursors in the first and in the second year of
kindergarten are shown in Table 6.2.
Not all measures correlated with each other. K1 Lexical Specificity Trainability
correlated only with K1 Phonological Awareness and with K2 Lexical Specificity
Trainability. K2 Lexical Specificity Trainability, however, correlated with all other
measures, except for K1 STM and K1 Phonological Awareness. K1 RAN correlated
with all measures, except for K1 Lexical Specificity Trainability and both K1 and K2
Phonological Awareness. K2 RAN correlated with all measures except K1 Lexical
Specificity Trainability and K1 STM. K1 STM correlated only with K1 RAN, K1
Phonological Awareness and K2 STM. K2 STM correlated with K1 RAN and STM,
and with K2 Lexical Specificity Trainability and RAN. K1 Phonological Awareness
correlated with K1 Lexical Specificity Trainability and STM and with K2 RAN and
Phonological Awareness, while K2 Phonological Awareness correlated only with K1
Phonological Awareness and K2 Lexical Specificity Trainability and RAN.
Table 6.3 shows the correlations between the precursors and the measures of
vocabulary and early literacy. K2 Vocabulary correlated with all measures in K2,
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Table 6.1: Descriptive Statistics (n = 66)
Mean SD
Kindergarten 1 Precursors
Lexical Specificity Trainability 36.41 12.229
Rapid Automatized Naming 30.88 7.347
Short-Term Memory 10.48 3.852
Phonological Awareness 131.65 29.810
Kindergarten 2 Precursors
Lexical Specificity Trainability 47.54 14.266
Rapid Automatized Naming 38.68 7.817
Short-Term Memory 15.20 3.759
Phonological Awareness 186.16 46.634
Kindergarten 2 Dependent Variables
Vocabulary Breadth 60.38 11.052
Vocabulary Depth 15.35 5.702
Receptive Letter Knowledge 16.70 7.306
Expressive Letter Knowledge 8.45 6.538
Grade 1 Dependent Variables
Vocabulary Breadth 77.85 7.592
Vocabulary Depth 21.51 4.427
Word Decoding 44.63 19.926
Table 6.2: Correlations between the four Phonological Precursors (n = 66)
1 2 3 4 5 6 7 8
Kindergarten 1
1.Lexical Specificity -
2.Rapid Naming .158 -
3.Short-Term Memory .166 .330** -
4.Phonological Awareness .367** .226 .324** -
Kindergarten 2
5.Lexical Specificity .319** .243* .129 .163 -
6.Rapid Naming .182 .424*** .235 .260* .289* -
7.Short-Term Memory .176 .255* .478*** .154 .254* .389** -
8.Phonological Awareness .227 .164 .198 .336** .297* .261* .158 -
Note. * = p < .05; ** = p < .01; *** = p <.001
and with only STM in K1. K2 Letter Knowledge correlated with all precursors,
except STM in both K1 and K2. G1 Vocabulary correlated with all precursors,
except for K1 Lexical Specificity Trainability. G1 Word Decoding correlated with
K1 RAN and K2 Lexical Specificity Trainability, RAN and Phonological Awareness.
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Table 6.3: Correlations between four Phonological Precursors and Measures of Vocab-
ulary and Early Literacy (n = 66)
Kindergarten 2 Kindergarten 2 Grade 1 Grade 1
Vocabulary Letter Knowledge Vocabulary Word Decoding
Kindergarten 1
Lexical Specificity .182 .434*** .156 .159
Rapid Naming .235 .254* .250* .294*
Short-Term Memory .449*** .072 .382** .084
Phonological Awareness .238 .373** .271* .227
Kindergarten 2
Lexical Specificity .422*** .390** .283* .288*
Rapid Naming .376** .320** .293* .318*
Short-Term Memory .530*** .184 .566*** .161
Phonological Awareness .430*** .501*** .354** .344**
Note. * = p < .05; ** = p < .01; *** = p <.001
Structural equation modeling
Vocabulary
1) K1 precursors. First, a model assessing the predictive value of K1 precursors
on vocabulary in K2 and G1 was fitted (Figure 6.1a). Phonological Short-Term
Memory was the only significant predictor of K2 vocabulary. K2 and G1 were
significantly related. The model provided a close fit (χ2(4, n = 66) = 1.98, p =
.740, SRMR = .029, CFI = 1.00, RMSEA = .00, RMSEA 90% CI = 0.0; 0.14). 2)
K2 precursors. The predictive values of K2 precursors were then assessed (Figure
6.1b). K2 Trainability in Lexical Specificity, Phonological Short-Term Memory and
Phonological Awareness predicted K2 Vocabulary significantly. The model provided
a close fit (χ2(4, n = 66) = 7.00, p = .136, SRMR = .039, CFI = .98, RMSEA = .11,
RMSEA 90% CI = 0.0; 0.24). 3) K1 and K2 precursors. Finally, the predictive
values of both K1 and K2 precursors on K2 and G1 Vocabulary were assessed (Figure
6.1c). The same K2 predictors as in the previous model still significantly predicted
K2 Vocabulary scores. The effect of STM was stable, but the effects of K1 Lexical
Specificity Trainability and K1 Phonological Awareness on vocabulary only became
apparent when the K2 data were included. The model provided a close fit (χ2(29,
n = 66) = 32.75, p = .288, SRMR = .12, CFI = .98, RMSEA = .046, RMSEA 90%
CI = 0.0; 0.11).
Letter knowledge and word decoding
1) K1 precursors. Again, first a path model testing the interrelations between
the four precursors in K1 on Letter Knowledge in K2 and Word Decoding in G1
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Figure 6.1: Structural relationships among phonological precursors and vocabulary
(n = 66). Note. Numbers indicate standardized Beta Coefficients. Solid
arrows are significant relations; dashed arrows are non-significant. *p <
.05
was assessed (Figure 6.2a). K2 Letter Knowledge was significantly predicted by K1
Lexical Specificity Trainability and K1 Phonological Awareness, and significantly
predicted G1 Word Decoding. The model provided a close fit (χ2(4, n = 66) =
3.26, p = .515, SRMR = .044, CFI = 1.00, RMSEA = .00, RMSEA 90% CI = 0.0;
0.18). 2) K2 precursors. The influence of the precursors in K2 on K2 Letter
Knowledge and G1 Word Decoding was then assessed (Figure 6.2b). Similarly, K2
Letter Knowledge was significantly related to K2 Lexical Specificity Trainability,
K2 Phonological Awareness and G1 Word Decoding. The model provided a close fit
(χ2(4, n = 66) = 4.38, p = .357, SRMR = .055, CFI = .99, RMSEA = .039, RMSEA
90% CI = 0.0; 0.20). 3) K1 and K2 precursors. Finally, the two previous models
were combined (Figure 6.2c). The last model assessed the influence of the precursors
in K1 and K2 on K2 Letter Knowledge and G1 Word Decoding. Lexical Specificity
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Trainability and Phonological Awareness still had an effect on K2 Letter Knowledge
and hence on G1 Word Decoding. For Lexical Specificity Trainability this effect
was direct from K1, and not via K2, whereas the Phonological Awareness effect was
from K2 and not directly from K1. The model also provided a close fit (χ2(29, n =
66) = 35.19, p = .165, SRMR = .12, CFI = 1.00, RMSEA = .065, RMSEA 90% CI
= 0.0; 0.12).
Figure 6.2: Structural relationships among phonological precursors, letter knowledge
and word decoding (n = 66). Note. Numbers indicate standardized Beta
Coefficients. Solid arrows are significant relations; dashed arrows are non-
significant. *p < .05
Discussion
This study investigated the predictive value of phonological precursors in kinder-
garten on vocabulary and early literacy measures in kindergarten and first grade.
Trainability in lexical specificity, phonological short-term memory and phonological
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awareness in the second year of kindergarten predicted vocabulary in the same year,
which in turn predicted vocabulary one year later. Letter knowledge in the second
year of kindergarten, which in turn predicted word decoding in first grade, was pre-
dicted by individual differences in trainability in lexical specificity in the first year
of kindergarten and phonological awareness in the second year of kindergarten.
Performance on the four phonological precursors increased significantly from the
first to the second year of kindergarten and performance in the first year predicted
performance in the second year, as was the case for the vocabulary tasks from the
second year of kindergarten to first grade. This stable increase in phonological
and lexical development was expected, because these skills keep developing over the
elementary school years (Verhoeven & Van Leeuwe, 2008; Verhoeven, Reitsma, &
Siegel, 2011). As expected, performance on the letter knowledge tasks in the second
year of kindergarten predicted word decoding skills in first grade. Letter knowledge
is known to be an important precursor to word decoding and reading (Ehri, 1998;
Hulme et al., 2012).
Vocabulary was predicted by trainability in lexical specificity, phonological short-
term memory and phonological awareness. Skill in learning phonologically-similar
words has been shown previously to predict vocabulary breadth (Chapter 2) and
depth (Chapter 5). In the latter study, on the differential effects of trainability in
lexical specificity on vocabulary breadth and depth, trainability in lexical specificity
was predicted by vocabulary depth, even when controlling for vocabulary breadth,
speech decoding and phonological awareness. Vocabulary breadth and depth in
the current study were positively correlated and hence were collapsed into a single
measure. The current study thus asks a more general question about precursors to
vocabulary. Nevertheless, the influence of the ability to learn words that sound alike
on vocabulary development was replicated.
Short-term memory has also been shown previously to be related to vocabulary
(Chapter 2; Gathercole & Baddeley, 1993; Majerus, Poncelet, Greffe, & Van der
Linden, 2006) and is regarded as a crucial link between the fast-mapping of newly-
learned words and the consolidation of those words in long-term memory. Children
with larger short-term memory capacity will be able to store the phonological and
semantic information of new words more easily in the mental lexicon. In the first
part of the short-term memory task, children recalled short high-frequent words,
with ample phonological neighbors. Thus, this task measured the ability to recall
words and, indirectly, how well the sound structures of these words were represented
in the mental lexicon. The finding that short-term memory predicts vocabulary
directly suggests that short-term memory predicts early literacy independent of
other phonological precursors (Gathercole & Baddeley, 1993). The ability to hold
phonological information in short-term memory thus appears to be distinct from
the ability to reflect upon or learn about that information.
Phonological awareness also proved to be a precursor to vocabulary development.
Although most studies have investigated effects in the opposite direction (Metsala,
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1999; Wagner et al., 1994), the relation between phonological awareness and vocab-
ulary development thus seems to be bi-directional (Chapter 5; Ehri, 2005). Vocab-
ulary development thus depends upon specified phonological representations, or at
least on the ability to form specified representations, on explicit awareness of and
access to phonemes, and the ability to consciously manipulate them. In the phono-
logical awareness tasks, children’s awareness of sound units was assessed. These
tasks measured children’s phonological representations indirectly, as well as chil-
dren’s ability to access and manipulate them. Since the children in this study could
not yet read when phonological awareness was assessed, and since the path models
showed that performance on phonological awareness tasks was predictive of individ-
ual differences in early literacy skills, we can conclude that phonological awareness
is a precursor to reading (Hulme et al., 2005), and that access to the phoneme is
important in early literacy (Metsala & Walley, 1998).
More letter knowledge, and hence better or faster word decoding, was predicted
by better trainability in lexical specificity and by greater phonological awareness.
The ability to learn words that phonologically differ minimally from each other has
previously been shown to be predictive of receptive and expressive letter knowledge
(see Chapter 4). In the trainability in lexical specificity task used here, children
learned new words with small acoustic-phonetic differences (e.g., /al/ and /ar/).
Being good in picking up these small differences and learning the relative words
could lead to better letter knowledge because learning letters involves the same pro-
cess. Learning letters can be seen as learning new lexical representations; compare
learning /al/ and /ar/, for example, with learning the Dutch letter names for L and
R (/El/ and /Er/). Phonological awareness has also been shown previously to pre-
dict letter knowledge (Burgess & Lonigan, 1998; Carroll et al., 2003; R. S. Johnston
et al., 1996; Torppa et al., 2006; Lonigan et al., 2000). The relationship between
awareness of phonemes and phonology and knowledge of letters is not surprising,
since letters represent phonemes in written language. Taking these results together,
learning letter names and sounds seems to depend on the ability to discriminate
between representations that sound alike and the ability to consciously reflect upon
small speech sounds. Being good in learning new representations that sound alike in
the first year of kindergarten and having good phonological awareness in the second
year of kindergarten thus seems to benefit letter knowledge development and word
decoding skills.
The absence of an effect from RAN was unexpected, since other studies have
shown that RAN is a precursor to early literacy skills (De Jong & Olson, 2004;
Manis et al., 1999; Torppa et al., 2006; Wolf & Bowers, 1999). Since RAN involves
phonological processing (retrieving and producing names), the question is whether
RAN shares variance with other phonological factors, such as phonological aware-
ness and phonological short-term memory (Torgesen et al., 1997) or whether it is a
distinct skill (Wagner et al., 1997; Wolf & Bowers, 1999). The correlations of RAN
with the other precursors in the current study are consistent with both views. In
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the structural equation analyses, however, phonological awareness and phonological
short-term memory were both accounted for. It therefore appears that RAN is a
distinct process that in this case is a less important phonological precursor to early
literacy than the others tested here, and hence that the other precursors obscure
any effect of RAN.
Taken together, these findings suggest that well-specified, rich phonological rep-
resentations play an important role in vocabulary and early literacy development,
as suggested by the three theories outlined in the introduction (Hulme & Snowling,
2009; Metsala & Walley, 1998; Perfetti & Hart, 2002). The different phonological
tasks used in this study tapped - each in their own way - into these phonological rep-
resentations. For example, in the trainability in lexical specificity task, children were
forced to form new representations and make them more specific over the course of
the task, in order to discriminate between the phonologically highly-similar words.
This task thus tapped into the ability to form and specify phonological representa-
tions.
Since these different phonological tasks assessed aspects of children’s phonological
representations (either access to these representations, the ability to form represen-
tations or the representations themselves), and since performance on these tasks pre-
dicted vocabulary and early literacy development, it seems that rich, well-specified
representations are indeed important (Hulme & Snowling, 2009; Metsala & Walley,
1998; Perfetti & Hart, 2002). Children who score lower on phonological and reading
tasks are likely to have less specified or more noisy phonological representations,
as is suggested by the phonological representations hypothesis (Hulme & Snowling,
2009). According to the lexical quality hypothesis (Perfetti & Hart, 2002), a word
should have good semantics, orthography and phonology to be processed adequately.
We did measure all these lexical aspects, but not for the same words. Even so, based
on our results we can conclude that having better quality (e.g., phonologically more
specified) lexical representations is related to better early literacy skills. Though the
lexical restructuring model by Metsala & Walley (1998) states that with increased
vocabulary, phonological representations become increasingly segmented and spec-
ified, the current data seem to suggest the opposite: that specified phonological
representations play a role in vocabulary development. Our study cannot distin-
guish between the three accounts, and did not set out to do so. These theories all
provide an account of the nature of the relationship between phonological repre-
sentations and early language, and the current study adds to the evidence that the
specificity and richness of phonological representations aids vocabulary and early
literacy development.
In addition to these theoretical implications, these findings are also important
for educational practice. Aspects of literacy that are important at the start of
elementary school - that is, vocabulary, letter knowledge and word decoding - can be
predicted by performance on simple, short standardized tasks in the first and second
year of kindergarten. Timely assessment and identification of potential problems in
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these early aspects of literacy is thus of value for educational practice.
This study investigated how four phonological precursors co-determine various
measures of vocabulary and early literacy development. To offer a more complete
picture, several factors were assessed by means of multiple tasks (e.g., phonological
awareness was assessed using three different tasks). However, the tasks were each
collapsed into one factor for data analysis. This was justified by the correlational
analyses, by theory and for statistical reasons (to increase power), but future re-
search should try to investigate the relative predictive values separately, for example
with a larger sample size.
To conclude, the current results show that vocabulary in the second year of
kindergarten and first grade can be predicted by trainability in lexical specificity,
phonological short-term memory and phonological awareness in the second year of
kindergarten. Furthermore, letter knowledge in the second year of kindergarten and
word decoding in first grade can be predicted by trainability in lexical specificity in
the first year of kindergarten and by phonological awareness in the second year of
kindergarten. The phonological precursors jointly and independently contribute to
vocabulary and early literacy development. These results highlight the importance
of well-specified, rich phonological representations and the ability to acquire them in
the process of building a vocabulary and learning to read. Additionally, the results
show that vocabulary and early literacy measures before and during formal reading
instruction can be predicted by testing specific phonological language skills one to
two years in advance.
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The present dissertation explored the role of the ability to develop, specify and
discriminate between phonologically rich and specific lexical representations in early
literacy. By means of three research questions, it investigated whether children
can be taught new words that phonologically differ minimally, whether phonological
lexical specificity training fosters early literacy more than non-phonological training,
and whether trainability in lexical specificity predicts vocabulary and early literacy
development.
Teaching children phonologically-similar new words
The first research question was whether children can be taught a specific set of new
words that phonologically differ minimally, in a short period, intensifying what hap-
pens in normal vocabulary development. This was initially investigated in the study
described in Chapter 2 and further explored in the other studies in this dissertation.
The results showed that children were indeed able to learn minimal pairs of new
words through a lexical specificity training protocol.
In this training protocol, children learned pairs of new words with small acoustic-
phonetic differences, e.g., aar and aal. The training protocol was presented as a
word learning game, in which children saw four pictures and were asked to click
on the auditorily presented target word. Target words were unfamiliar but existing
Dutch words, grouped into quadruplets of three unfamiliar words and one famil-
iar word, differing on one or two acoustic-phonetic features. The words could only
be distinguished from each other if their lexical representations were made specific
enough. Over the course of training, children had to attend to increasingly sub-
tle acoustic-phonetic differences, in order to learn the new words and make their
representations specific enough to discriminate between the newly learned words.
This training protocol proved to be successful: children learned the similar-
sounding new words and were able to discriminate between them. On average,
children learned ten new word pairs. Lexical development was thus mimicked and
intensified for a specific set of words. Children were more sensitive to the begin-
nings of words than to the ends of words, because initial phoneme contrasts (e.g.,
lier - nier) were (numerically but not significantly) better disambiguated than fi-
nal phoneme contrasts (e.g., aar - aal). This could be because of the incremental
nature of speech recognition (Allopenna et al., 1998; McClelland & Elman, 1986;
Norris & McQueen, 2008; Norris, 1994), or because of the developmental differences
of onset/rime division and vowel/coda division (Anthony et al., 2003). The training
protocol thus led to the development and specification of new lexical representations.
It is difficult to assess the richness and specificity of phonological representations
in the mental lexicon by means of perception tasks: researchers cannot simply ask
children how specific their representations of certain words are. By teaching children
new, unfamiliar words and afterwards assessing whether these words are learned, it
can be concluded that representations are formed. On top of that, by teaching chil-
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dren new words that sound similar and afterwards assessing whether these words
are learned and can be discriminated from each other, it can be concluded that
representations are specific enough for this purpose. Thus, over the course of the
lexical specificity training protocol, the children developed, specified and discrimi-
nated between phonological representations.
Only a specific set of stimuli was taught to the children. The potential influence
of the training protocol on the phonological specificity of (other) representations in
the mental lexicon is therefore unclear. The stimuli were all monosyllabic words,
often CVC words and mostly nouns, and contrast position distinctions (initial, final)
and contrast type distinctions (manner, place, voicing) were carefully balanced over
the course of the blocks. A remaining question is whether this paradigm - teaching
children similar-sounding words - also works with other types of words, such as
verbs. Furthermore, words were taught using pictures and auditory stimuli: children
learned to associate the spoken words with pictures. This is not necessarily how
word learning works in real life. More natural word learning could be studied using
storybooks or toys.
This study provides insight in the word learning process in kindergarten, but
only of typically developing monolingual children. Although knowledge of typical
language development is necessary to understand atypical language development,
it would also be interesting to investigate this protocol with children at risk for
dyslexia (to examine the role of phonology; Elbro et al., 1998), or children with
specific language impairment
In summary, children in the first year of kindergarten are able to learn and discrim-
inate between new lexical representations with minimal acoustic-phonetic differences
over the course of a word learning game. This suggests that focusing on fine pho-
netic differences in how words are pronounced could be useful in the kindergarten
classroom. In the 15-minute word learning game used here, children learned ten
new word pairs. Multiple, longer sessions could have even larger benefits for word
learning in kindergarten.
Phonological lexical specificity training versus
non-phonological training
The second research question asked whether phonological lexical specificity training
fosters early literacy more than non-phonological training. The study in Chapter 2
set out to answer this question too. The results showed that children who received
lexical specificity training gained more on phonological awareness than children who
received non-phonological training.
Chapter 2 described an intervention study investigating whether early literacy
skills could be enhanced by training lexical specificity, attempting to provide insight
into the causal chain linking phonological factors in early literacy development.
Phonological awareness, speech decoding skill and the richness and specificity of
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phonological representations in the mental lexicon are all phonological precursors of
literacy. Four-year-olds who were in the first year of kindergarten were randomly
assigned to one of two groups: an experimental group that received the lexical
specificity training discussed above, and a control group that received numeracy
training. Both groups performed several language tasks, assessing speech decoding
and phonological awareness, pre- and post-training. Children who received lexical
specificity training gained on the rhyme awareness task, whereas children in the
control group did not. Even when controlling for rapid automatized naming and
phonological short-term memory, this effect was significant.
These results are in line with evidence suggesting that phonological awareness de-
velops through explicit access to the phoneme, facilitated by increasingly segmental
representations (Fowler, 1991; Metsala & Walley, 1998; Treiman & Zukowski, 1996).
The lexical specificity training did not influence speech decoding skills, nor did it
influence phoneme identification skills. Since phoneme identification (i.e., phoneme
awareness) develops later than rhyme awareness (Anthony et al., 2003), it could
be the case that lexical specificity training only benefits a child if a certain level
of phoneme awareness has already been reached. Here, children were preliterate,
suggesting that their phoneme awareness might not have been developed enough
for it to benefit from the lexical specificity training. Janssen et al. (2015) showed
that lexical specificity training fostered phoneme awareness in both monolingual
and bilingual pre-readers. In their study, children who received lexical specificity
training gained on phoneme awareness, whereas in the study in Chapter 2, children
gained on rhyme awareness. These results do not necessarily contradict each other,
however. Since rhyme awareness and phoneme awareness are both parts of phono-
logical awareness, the diverging results might be a consequence of differences in the
age and age range of participants. Indeed, the children in the study in Chapter 2
were younger (mean age 53 months) and the age range (48-59 months) was smaller
than the monolingual (mean age 56; range 50-63 months) and the bilingual children
(mean age 58; 50-66 months) in the study by Janssen et al. (2015).
The relative influence and importance of individual phonological precursors to
literacy varies across languages and orthographies (Ziegler et al., 2010; Ziegler &
Goswami, 2005). These results therefore cannot easily be generalized across lan-
guages, but they do call out for cross-linguistic studies comparing orthographies.
Janssen, Segers, McQueen, & Verhoeven (in revision) compared form-based and
meaning-based vocabulary instruction in monolingual Dutch and bilingual Turkish-
Dutch children. The results showed that even though both instruction types in-
creased vocabulary in both groups, children’s phonological skills benefit from fo-
cusing on a word’s phonology during word learning, both in their first and in their
second language vocabulary.
In summary, lexical specificity training fosters phonological awareness in both
monolingual (Chapter 2) and bilingual (Janssen et al., 2015) pre-readers. This focus
on fine-grained acoustic-phonetic differences in new lexical representations thus leads
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to a greater ability to manipulate and reflect upon speech sounds. Therefore, this
type of focus may be an important part of the path to literacy development in
normal language learning.
The role of lexical specificity in vocabulary and early
literacy development
The third research question asked whether trainability in lexical specificity could
predict vocabulary and early literacy development. A cohort of children was fol-
lowed from the first year of kindergarten to first grade to investigate this question.
In several separate cross-sectional and longitudinal studies, trainability in lexical
specificity (now used as an experimental task instead of as part of a pretest- training-
posttest protocol) appeared to partially mediate between phonological short-term
memory and both vocabulary and rhyme awareness (Chapter 3), predict individual
differences in letter knowledge (Chapter 4), predict vocabulary depth over vocab-
ulary breadth (Chapter 5), and, in the final analysis, turned out to longitudinally
predict vocabulary, letter knowledge and word decoding (Chapter 6).
The study described in Chapter 3 investigated the interrelations between four
phonological precursors to literacy in the first year of kindergarten: phonologi-
cal short-term memory, vocabulary size, phonological awareness and trainability
in lexical specificity. Structural equation modelling showed that trainability in lex-
ical specificity partially mediated between short-term memory and both vocabu-
lary size and rhyme awareness. First, individual differences in the ability to learn
phonologically-similar new words may be related to individual differences in vocab-
ulary size, because being able to learn new words leads to a larger vocabulary and
being able to phonologically specify those new representations leads to better dis-
crimination between lexical entries. Second, individual differences in the ability to
learn phonologically-similar new words may be related to phonological awareness
because the ability to distinguish between phonologically-similar words leads to ex-
plicit access to speech sounds and hence to the ability to consciously manipulate and
reflect upon them. The proposed model provided a better fit than an alternative
model assessing the influence of vocabulary size on trainability in lexical specificity,
thus challenging lexical restructuring accounts that state that increasing vocabulary
leads to increasingly specified representations (Metsala & Walley, 1998).
Chapter 4 describes a study in which the relative contributions of phonological
precursors (lexical specificity trainability, rapid automatized naming, phonological
short-term memory, phoneme discrimination, and phonological awareness) in the
first year of kindergarten on receptive and expressive letter knowledge in the second
year of kindergarten were assessed, using multiple hierarchical regression analyses.
Trainability in lexical specificity predicted individual variance in both receptive and
expressive letter knowledge above and beyond the other phonological factors. The
influence of the ability to learn and specify new representations (i.e., trainability in
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lexical specificity) on letter knowledge could be direct (because letters could also
be considered new highly-similar lexical representations), or indirect (because train-
ability in lexical specificity fosters phonological awareness, which is a predictor of
letter knowledge). Phoneme discrimination also explained variance in receptive as
well as expressive letter knowledge, probably because, to be able to perceive differ-
ences in letters, children need to be able to discriminate phonemes. As letters tend
to represent phonemes in written language, phonological awareness is important for
letter knowledge too. The receptive letter knowledge task, which required manipula-
tions of phonemes, was predicted by phoneme identification and synthesis, whereas
the expressive task, which did not require phoneme manipulation, was predicted
by phoneme synthesis. Rapid automatized naming also predicted expressive letter
knowledge, which might be because both tasks involve the learning of arbitrary re-
lations, and/or because they were both speed measures. In sum, the results of this
sub-study show that the lexicon is involved in the process of learning about letters,
as well as that knowledge and learning about the form of spoken words is beneficial
in this process.
The study presented in Chapter 5 investigated the relative predictive values of
trainability in lexical specificity, speech decoding and phonological awareness in
kindergarten on vocabulary breadth and depth in kindergarten and in first grade.
Specifically, it asked whether trainability in lexical specificity affects the number of
words known (breadth) as well as how well those words are known (depth). Multiple
hierarchical regression analyses showed that lexical specificity trainability predicted
vocabulary depth, both in kindergarten and in first grade, over the other phonologi-
cal precursors (but it did not explain variance in vocabulary breadth). Furthermore,
kindergarten trainability in lexical specificity predicted first grade vocabulary depth
even after controlling for kindergarten vocabulary breadth. Vocabulary development
was also fostered by phonological awareness (suggesting that their relation may be
bi-directional; Ehri, 2005), and to a lesser extent, speech decoding (which might
be more important at a younger age; (Chapter 2; Junge & Cutler, 2014; Kooijman
et al., 2013). Trainability in lexical specificity may thus be related to vocabulary
breadth in the short term (Chapter 3) and to vocabulary depth in the longer term.
Learning more words and learning more about those words seem both to be dif-
ferences that distinguish between above and below average word learners. That is,
depth of word knowledge is predicted by the ability to learn similar-sounding words,
above and beyond the number of known words.
Chapter 6 describes the full longitudinal study that investigated the relative influ-
ence of four phonological skills (trainability in lexical specificity, rapid automatized
naming, phonological short-term memory and phonological awareness) on vocabu-
lary and early literacy development, from the first year of kindergarten to first grade.
Structural equation modelling showed that vocabulary was predicted by trainability
in lexical specificity (because the ability to learn similar-sounding words fosters word
learning), short-term memory (which is important in the process of consolidating
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newly-learned words) and phonological awareness (because explicit awareness of and
access to phonemes promotes word learning). The analyses also showed that letter
knowledge and word decoding were predicted by trainability in lexical specificity (be-
cause letters are phonologically-similar representations) and phonological awareness
(because letters represent phonemes in written language). Rapid automatized nam-
ing did not directly predict vocabulary and early literacy development, suggesting
that rapid naming is a distinct and, at least in this case, a less important precursor.
This study further showed that vocabulary and early literacy in kindergarten and
in first grade can be predicted by phonological measures one to two years earlier.
The development of well-specified, phonologically rich lexical representations plays
a crucial role in vocabulary and early literacy development.
Table 7.1 summarizes the findings of Chapters 3 through 6. Taken together,
these studies suggest that trainability in lexical specificity plays an important role
in vocabulary and early literacy development, above and beyond other well-known
phonological precursors. In the several (sub)studies, the ability to learn minimal
pairs proved to influence vocabulary, phonological awareness, letter knowledge and
word decoding. Trainability in lexical specificity did not predict vocabulary breadth
in Chapter 5, but did in Chapters 3 and 6, suggesting that being able to develop
and discriminate between specific representations influences the number of known
words on the shorter term, and how well those words are known on the longer term.
Speech decoding, operationalized as the ability to discriminate known words dif-
fering in one phoneme, influenced letter knowledge, but in these analyses did not
influence vocabulary over other phonological factors, probably because it is more im-
portant earlier in life. Phonological awareness was related to letter knowledge, word
decoding and vocabulary breadth, but not to vocabulary depth, because the abil-
ity to consciously reflect upon and to manipulate speech sounds influences learning
the forms of letters and words, but does not specifically contribute to how much is
known about those words. Rapid automatized naming unexpectedly only influenced
expressive letter knowledge in Chapter 4, and not in Chapter 6, suggesting that it is
a distinct phonological skill with effects that are obscured by the other phonological
precursors. Phonological short-term memory was related to trainability in lexical
specificity, vocabulary and rhyme awareness, but not to letter knowledge and hence
also not to word decoding.
All of these phonological factors have been shown in previous research to play
a role in early literacy, all measuring distinct aspects of phonological development.
Taken together, the results of Chapters 3 through 6 highlight the importance of
rich, specified phonological representations when learning to read, suggesting that
the ability to develop, specify and discriminate between representations could be
a unifying factor in the development of vocabulary and of letter knowledge and
word decoding. In a recent study by Janssen, Segers, McQueen, & Verhoeven
(in press), trainability in lexical specificity mediated between speech decoding and
phonological awareness, either rhyme awareness (for monolingual pre-readers) or
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phoneme awareness (for bilingual pre-readers). Thus, it seems that the ability to
learn phonologically-similar new words may be the missing link between the per-
ceptual skill of decoding speech or discriminating between phonemes and the more
metalinguistic skill of consciously reflecting upon and manipulating speech sounds.
The studies in Chapters 3 through 6 were based on the same longitudinal cohort
study, in which children’s language and literacy development was tracked from the
first year of kindergarten (at age 4) until first grade (at age 6.5). In order to zoom
in on different aspects of emergent literacy, separate analyses were conducted on
this large dataset. Because the focus of this dissertation was on (trainability in)
lexical specificity, and because of theoretical and methodological reasons, not every
phonological precursor was added in the analyses of every study. For example, due to
power issues, specific narrow theoretical questions had to be employed, e.g., separate
analyses for letter knowledge and vocabulary outcomes in Chapters 4 and 5, and
even in Chapter 6. In order to provide a more thorough analysis of phonological
precursors to literacy and the role of (trainability in) lexical specificity amongst
those, future studies should use a larger cohort of longitudinally followed children.
The role of the lexicon and lexical specificity in early
literacy development
The main research question of this dissertation asked what role the ability to form
phonological rich and specific lexical representations (i.e., lexical specificity) plays
in early literacy. The studies described in this dissertation showed that trainability
in lexical specificity indeed plays an important role. In order to learn to read, the
phonological structures of representations in children’s mental lexicons thus have to
be specified to a certain extent, and children need to be able to develop and specify
representations for phonologically-similar new words.
As discussed in Chapter 1, several theories stress the importance of rich phono-
logical representations: amongst others, the phonological representations hypothesis
(Hulme & Snowling, 2009), the lexical quality hypothesis (Perfetti & Hart, 2002),
and the lexical restructuring account (Metsala & Walley, 1998). The phonological
representations hypothesis states that underspecified phonological representations
are responsible for reading difficulties (Hulme & Snowling, 2009). Since the stud-
ies in this dissertation only involved children with typical language development,
no definitive conclusions can be made about the consequences for children who are
at-risk for or have reading difficulties. This dissertation did show, nonetheless, that
rich and specified phonological representations are important for different aspects
of early literacy. The lexical quality hypothesis (Perfetti & Hart, 2002) highlights
the importance of the quality of the phonology, orthography and semantics of a
word’s representation. Qualitatively well-specified representations will be accessed
and processed adequately better than less well-specified representations. This dis-
sertation can be seen as an elaboration of this hypothesis, in that it showed that
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the development and specification of phonological representations aids early literacy.
The theory that is most relevant to this dissertation, the lexical restructuring ac-
count (Metsala & Walley, 1998) postulates that increasing vocabulary size leads to
increasingly specified lexical representations, which in turn leads to explicit access
to phonemes (i.e., phoneme awareness). Several studies in the current disserta-
tion suggest that the opposite is the case with respect to the first two components:
that making specified lexical representations leads to vocabulary development (and
phonological awareness) rather than the reverse. The studies here differ from the
ones the lexical restructuring account is based on, for example with respect to the
paradigms used (production versus perception experiments) and the age of the par-
ticipants (6-year-olds and up versus kindergarten and first grade). These studies
thus add to the evidence of studies with toddlers (Swingley & Aslin, 2000; White
& Aslin, 2011; White & Morgan, 2008) and 6-year-olds (McQueen et al., 2012) in
showing that lexical representations are already phonologically well-specified ear-
lier than assumed in the lexical restructuring account. The paradigm used to assess
(trainability in) lexical specificity in the current dissertation mimics real-world word
learning and entails building detailed representations, suggesting that similar word
learning in the real world may have the effects on phonological awareness, vocabu-
lary and early literacy development that are observed here. It thus seems that the
ability to develop, specify and discriminate between phonologically rich, specified
lexical representations subsequently plays an important role in early literacy by fos-
tering phonological awareness, vocabulary development, and letter knowledge. In
particular, it may unify the previous literature about other phonological precursors
to learning to read, underlying these phonological factors and acting as a bridge
between perceptual and metalinguistic factors, and between implicit and explicit
factors.
The studies in this dissertation add to the literature on individual differences
in and relations among phonological precursors to literacy. Learning to read is a
complicated process, in which a wide range of factors play a role. When studying
the reading acquisition literature, it is important to note that different phonologi-
cal factors can actually involve a similar underlying factor, namely, the specificity
or flexibility of or access to representations. Results of similar studies can differ
for reasons such as the specific task used to measure a phonological factor, or the
age or even the age range of the participants in the study. Nevertheless, the com-
mon thread seems to involve rich, specific phonological representations. Therefore,
a suggestion for educational practice is that teachers should emphasize the sound
structure of (new) words in kindergarten. This could be done by focusing on very
small differences in how words are pronounced. The 15-minute word-learning game
used in this dissertation could be used for this. Future research could focus on ex-
panding the scope of the research in this dissertation by providing a more elaborate
word-learning intervention, for example over the course of several weeks, to investi-
gate what additional effect this might have. A start has been made by Janssen et al.
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(in revision), who compared phonology-focused and a semantics-focused classroom
interventions. It would also be interesting to see if the lexical specificity training
protocol would have additional effects if children would overtly repeat the newly
learned words (as a comparison for the production measures used by, e.g., Elbro
et al. (1998) and Metsala & Walley (1998). Since this dissertation only focused on
normal monolingual language development, it would be interesting to replicate these
studies in children at-risk for dyslexia, children with specific language impairment
or bilingual children, to directly assess how phonological factors relate to each other
and to word learning in these populations.
In conclusion, this dissertation showed that pre-readers can learn phonologically-
similar words in a word learning game that mimics normal word learning and that
individual differences in distinct aspects of learning to read (i.e., phonological aware-
ness, vocabulary, letter knowledge, word decoding) can be accounted for by individ-
ual differences in this ability to develop, specify and discriminate between lexical
representations. The way representations of words are learned, stored and struc-
tured thus appears to be crucial in early literacy.
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Appendix
Unfamiliar Unfamiliar Unfamiliar Familiar Contrast Contrast
Target A Target B Control Control Type Position
aar aal aas aap Manner Final
kor col kot kom Manner Final
pol pon pos pop Manner Final
wal war wad was Manner Final
schol schor schot schop Manner Final
dom don dok dop Place Final
mot mok mof mol Place Final
raap raat raaf raam Place Final
lak rak vak bak Manner Initial
luit ruit kuit huid Manner Initial
naad raat vaat maat Manner Initial
lier nier pier bier Manner Initial
lor nor hor tor Manner Initial
dam ram ham kam Manner Initial
baal maal taal kaal Manner Initial
dis lis mis vis Manner Initial
kaak taak zaak haak Place Initial
zot vod mot bot Place Initial
hiel ziel kiel wiel Place Initial
bar dar war kar Place Initial
pas bas gas jas Voice Initial
peuk beuk reuk jeuk Voice Initial
ven fan den pen Voice Initial
dip tip hip wip Voice Initial
Table A1: Stimulus quadruplets used in the Lexical Specificity training.
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Horen, zien, zwijgen: het meisje op de voorkant van dit proefschrift beeldt uit hoe
kinderen leren lezen - en daarmee ook meteen wat de conclusie van mijn proefschrift
is. Kinderen moeten goed luisteren naar de klanken van hun moedertaal (horen)
om letters en woorden te kunnen leren lezen (zien). Als ze dat lezen dan eenmaal
onder de knie hebben, gaat er een wereld voor hen open: de fantastische wereld van
het schrift (zwijgen). In het haar van het jongste meisje zie je klanken of letters en
in dat van het middelste meisje woorden die kleuters normaal nog niet kennen. In
mijn proefschrift heb ik kleuters namelijk nieuwe woorden aangeleerd, zoals ’aar’ en
’aal’. Het leren van woorden die qua klank erg op elkaar lijken, bleek een belangrijke
voorspeller van geletterdheid te zijn. Nu ik de conclusie van mijn proefschrift al heb
gegeven, zal ik uitleggen hoe ik tot die conclusie ben gekomen, maar eerst leg ik nog
uit waaróm ik dit eigenlijk heb onderzocht.
Jonge kinderen leven in een wereld vol mysterieuze klanken (fonemen) en symbolen
(letters). Leren lezen houdt in dat je de klanken die je al kent, koppelt aan letters,
maken kinderen hierbij gebruik van hun kennis van gesproken taal. Problemen met
(leren) lezen hebben grote gevolgen, zowel voor kinderen als voor volwassenen, en
daarom wordt er aan het begin van de basisschool veel waarde gehecht aan het leren
lezen. Het is dus erg belangrijk om te begrijpen hoe kinderen leren lezen, zowel
om theoretische als om onderwijskundige redenen. Inzicht in individuele verschillen
voor en tijdens het proces van leren lezen zorgt er hopelijk voor dat elk kind de
optimale omstandigheden krijgt om te leren lezen, om dus geletterd te worden. Als
voorspellers van geletterdheid duidelijk zijn, kunnen potentiële leesproblemen vroeg
worden getoetst, geïdentificeerd en aangepakt. Kennis over de onderliggende relaties
tussen voorspellers van beginnende geletterdheid kan inzicht geven in individuele
verschillen in de ontwikkeling van deze voorspellers en dus in het proces van leren
lezen. Met mijn proefschrift heb ik aan deze kennis proberen bij te dragen.
Dit proefschrift is het resultaat van mijn onderzoek naar de fonologische voor-
spellers van geletterdheid, oftewel, onderzoek naar welke vaardigheden die te maken
hebben met de klanken van de moedertaal voorspellen hoe goed of snel kinderen
leren lezen. Ik heb me daarbij vooral gericht op een voorspeller genaamd lexicale
specificiteit: kennis over hoe woorden hóren te klinken. Wat dat is, leg ik hieronder
uit, maar eerst is het belangrijk om te weten wat beginnende geletterdheid eigenlijk
is.
113
Fonologische voorspellers en beginnende geletterdheid
De onderdelen van beginnende geletterdheid die ik heb onderzocht, zijn woorden-
schat, letterkennis en woorddecoderen. Woordenschat is niet alleen een belangrijk
onderdeel van geletterdheid, maar voorspelt ook meer algemeen schoolsucces, omdat
woordenschat ook belangrijk is bij andere vakken. Ook later in het leven zijn de
voordelen van een grote woordenschat overduidelijk. Zowel de breedte als de diepte
van iemands woordenschat kan gemeten worden. Woordenschatbreedte betreft ho-
eveel woorden iemand kent (dus dat iemand een batterij kan herkennen in een reeks
verschillende plaatjes), terwijl woordenschatdiepte gaat over hoe goed iemand die
woorden kent (dus dat iemand uit kan leggen wat een batterij is). Ik heb woor-
denschatbreedte gemeten door kinderen een aantal plaatjes te laten zien en hen te
vragen welk van de plaatjes (bijvoorbeeld) een batterij is. Woordenschatdiepte heb
ik gemeten met een definitietaak, waarin ik kinderen vroeg wat (bijvoorbeeld) een
batterij is.
Letterkennis kan ook worden opgesplitst in twee onderdelen: kennis van letterna-
men en kennis van letterklanken. Beide vormen van letterkennis zijn gerelateerd aan
elkaar en aan (leren) lezen. Om geletterd te worden, moeten kinderen begrijpen dat
individuele letters (of lettercombinaties) in geschreven woorden corresponderen met
individuele klanken in gesproken woorden. Kennis van letternamen heb ik geme-
ten door kinderen een lijst te geven met Nederlandse letters (of letterparen, zoals
<ch>), die ze zo snel en goed mogelijk op moesten lezen. Kennis van letterklanken
heb ik gemeten door een (letter)klank te noemen en kinderen uit vier letters te laten
kiezen welke er bij past.
Woorddecoderen, ten slotte, betreft het kunnen oplezen van geschreven woorden.
Om dit te kunnen doen, moeten de relaties tussen letters en klanken bekend zijn.
Iemand moet dus weten dat de klank /a/ meestal geschreven wordt met de letter
<a> en dat de letter <a> meestal uitgesproken wordt als /a/. Ik heb woordenschat
gemeten met een taak die je misschien nog wel van de basisschool kent: de Drieminu-
tentoets, waarbij je een blad voor je krijgt, met tientallen woorden die je zo snel
en zo goed mogelijk moet oplezen. Woordenschat, letterkennis en woorddecoderen
zijn aan elkaar gerelateerd. Ze beïnvloeden elkaar en ze beïnvloeden geletterd-
heid en schoolsucces. In verschillende hoofdstukken in dit proefschrift gebruik ik
woordenschat, letterkennis en woorddecoderen daarom als maten van beginnende
geletterdheid.
Nu we weten wat aspecten van beginnende geletterdheid zijn, is de vraag hoe
deze aspecten zich ontwikkelen. Welke vaardigheden voorspellen woordenschat, let-
terkennis en woorddecoderen? Onderzoek heeft vele voorspellers van beginnende
geletterdheid aangewezen, van omgevingsfactoren zoals hoe vaak een kind wordt
voorgelezen, tot factoren die te maken hebben met kennis over de klanken van de
moedertaal, ook wel fonologie genoemd. Ik was vooral geïnteresseerd in die laatste
factoren, omdat ik wilde onderzoeken wélke vaardigheden die te maken hebben met
klanken geletterdheid voorspellen. Omdat je in een promotieonderzoek helaas niet
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álles kan onderzoeken, heb ik me vooral gericht op vijf fonologische voorspellers van
geletterdheid: (trainbaarheid van) lexical specificiteit, spraakdecoderen, fonologisch
bewustzijn, kortetermijngeheugen en snelbenoemen.
Lexicale specificiteit is gedefinieerd als kennis over hoe woorden hóren te klinken,
oftewel: de fonologische rijkheid en specificiteit van representaties in het mentale
lexicon. In het mentale lexicon, het woordenboek in ons brein, staat allerlei in-
formatie over elk woord opgeslagen, net zoals in een gewoon woordenboek. Lexi-
cale specificiteit gaat alleen over de opgeslagen informatie over de klank van een
woord. De hoeveelheid informatie die over een bepaald woord is opgeslagen, ve-
randert gedurende het leven. Als kinderen klein zijn en dus nog niet zo’n grote
woordenschat hebben, hoeven de klanken van woorden niet zo gedetailleerd opges-
lagen te worden: zulke minder specifieke representaties volstaan om ’hond’ van ’beer’
te kunnen onderscheiden. Als kinderen echter meer woorden leren, is de kans groot
dat die nieuwe woorden qua klank lijken op woorden die ze al kennen. Dat gebeurt
bijvoorbeeld als kinderen het woord ’peer’ leren, terwijl ze ’beer’ al kenden. ’Beer’
en ’peer’ lijken erg op elkaar, dus het is ten eerste zaak dat kinderen het verschil
tussen de klanken van de woorden opmerken. Vervolgens moeten ze uitvogelen dat
’peer’ niet gewoon een andere uitspraak is van ’beer’, maar echt een heel nieuw
woord, wat dus ook opgeslagen moet worden.
Het meten van lexicale specificiteit is niet gemakkelijk: je kunt helaas niet aan
kinderen vragen hoe specifiek de woorden in hun mentale lexicon zijn opgeslagen.
Om dit te omzeilen heb ik een woordleerspelletje bedacht dat de trainbaarheid van
lexicale specificiteit van kinderen meet. Het woordleerspelletje, ook wel lexicale
specificiteitstraining genoemd, is een soort laboratoriumversie van het natuurlijke
woordleerproces dat ik hierboven beschreef. In het spelletje leren kinderen nieuwe
woorden die qua klank erg op elkaar lijken, zoals ’raap’ en ’raat’, door middel van
plaatjes en gesproken woorden. Ze moeten dus én de nieuwe woorden van elkaar
onderscheiden én de nieuwe woorden opslaan in hun mentale lexicon.
Spraakdecoderen, een andere voorspeller van geletterdheid die ik heb onderzocht,
is cruciaal voor het herkennen van gesproken woorden en (dus) voor het ontwikkelen
van een woordenschat. Gesproken taal heeft geen spaties zoals geschreven taal die
wel heeft: als iemand praat, hoor je een continue stroom woorden. Spraakdecoderen
betreft de vaardigheid om deze continue woordenstroom op te knippen in losse stuk-
jes. Om dit te kunnen doen, gebruiken kinderen kennis over de klanken die (vaak) in
hun moedertaal voorkomen. Ik heb spraakdecoderen gemeten door middel van een
foneemdiscriminatietaak, waarin ik kinderen vroeg of twee woorden (bijvoorbeeld
’bak’ en ’pak’) hetzelfde waren of niet, om te kijken of kinderen het verschil tussen
bijvoorbeeld /b/ en /p/ horen.
Fonologisch bewustzijn is het bewust manipuleren van en reflecteren op spraak-
klanken. Het bestaat uit verschillende vaardigheden, zoals bewustzijn van letter-
grepen en bewustzijn van afzonderlijke spraakklanken, die op verschillende manieren
gemeten kunnen worden. Ik heb fonologisch bewustzijn in verschillende hoofd-
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stukken van dit boek op verschillende manieren gemeten. Zo heb ik vaak een ri-
jmtaak gebruikt, waarin kinderen drie plaatjes zien en een woord horen, waarna ze
het plaatje moeten aanwijzen dat rijmt op het woord dat ze hoorden. Een andere
taak, die meer het bewustzijn van afzonderlijke klanken meet, is een foneemidenti-
ficatietaak, waarin kinderen weer drie plaatjes zien en een woord horen, waarna ze
het plaatje moeten aanwijzen dat met dezelfde letter begint als het woord dat ze
hoorden.
Kortetermijngeheugen betreft het kort kunnen opslaan en beheren van gesproken
informatie. Dit heb ik in dit proefschrift gemeten door een taak waarin kinderen
woordrijtjes en zinnen moesten nazeggen. Gedurende de taak werden de woordrijtjes
steeds langer en de zinnen steeds gecompliceerder, waardoor het steeds belangrijker
werd om de gesproken informatie goed op te slaan en te beheren.
Snelbenoemen gaat over de vaardigheid en snelheid om correct en snel objecten te
benoemen. Het kan bijvoorbeeld gaan om het benoemen van kleuren of van plaatjes.
Dat laatste heb ik in dit proefschrift gedaan: kinderen kregen een vel met plaatjes
en moesten binnen één minuut zo veel mogelijk plaatjes correct benoemen.
Hoewel er vóór dit proefschrift al veel onderzoek gedaan was naar deze vijf fo-
nologische voorspellers van geletterdheid (lexicale specificiteit, spraakdecoderen, fo-
nologisch bewustzijn, kortetermijngeheugen en snelbenoemen), was er nog veel on-
duidelijk. Het was wel duidelijk dat de voorspellers aan elkaar zijn gerelateerd en
dat ze het proces van leren lezen zowel individueel als samen beïnvloeden. Hun
ontwikkelingen hangen dus ook samen - en ook met de ontwikkeling van geletterd-
heid, maar hóe precies, dat was onduidelijk. Ook de rol van lexicale specificiteit was
nog niet helder. Het doel van dit proefschrift was dan ook om de rol van lexicale
specificiteit in de ontwikkeling van geletterdheid te onderzoeken. Omdat het belang-
rijk is om eerst normale taalontwikkeling volledig te begrijpen, voordat onderzoek
gedaan kan worden bij kinderen met (risico op) een taalontwikkelingsstoornis, of bij
kinderen die meertalig zijn, heb ik deze onderzoeken uitgevoerd bij kinderen zon-
der neurologische of taalgerelateerde problemen, die eentalig Nederlands waren. De
grote vraag was: Zou lexicale specificiteit een missende schakel kunnen zijn, die alle
fonologische voorspellers van beginnende geletterdheid met elkaar verbindt?
Aangezien ik hierboven toch al de conclusie heb gegeven, kan ik op deze vraag ook
alvast antwoord geven: ja, lexicale specificiteit blijkt een belangrijke rol te spelen
in de beginnende geletterdheid, misschien wel die van de missende schakel die alle
fonologische voorspellers met elkaar verbindt. Hoe ben ik tot die conclusie gekomen?
Het leren van woorden die fonologisch op elkaar lijken
De eerste onderzoeksvraag was of het mogelijk is om kinderen in groep 1 nieuwe
woorden die fonologisch op elkaar lijken aan te leren. Zoals gezegd bootst die lexicale
specifiteitstraining als in een soort snelkookpan na hoe kinderen normaal woorden
leren. Dit werd eerst onderzocht in het onderzoek dat beschreven is in Hoofdstuk
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2 en verder in de andere hoofdstukken in dit proefschrift. De resultaten van het
onderzoek in Hoofdstuk 2 wezen uit dat kinderen inderdaad fonologisch op elkaar
lijkende minimale paren, zoals ’raap’ en ’raat’, konden leren door middel van een
lexicale specificiteitstraining.
Kinderen in groep 1 zijn dus in staat om nieuwe lexicale representaties met min-
imale verschillen te leren en er onderscheid tussen te maken, door het uitvoeren
van een woordleerspelletje van vijftien minuten. Het kan dus nuttig zijn om in
kleuterklassen aandacht te besteden aan kleine verschillen tussen hoe woorden wor-
den uitgesproken. In het woordleerspelletje dat hier werd gebruikt, leerden kinderen
gemiddeld tien nieuwe woordparen. Wellicht hebben langere sessies nog grotere vo-
ordelen voor het leren van woorden in kleuterklassen.
De tweede onderzoeksvraag betrof de vraag of fonologische lexicale specificiteits-
training beginnende geletterdheid meer bevordert dan niet-fonologische training.
Dus: heeft een training die gericht is op klanken meer invloed op de beginnende
geletterdheid dan een ander soort training? Ook dit werd onderzocht door het on-
derzoek dat beschreven is in Hoofdstuk 2. De resultaten wezen uit dat kinderen die
een lexicale specificiteitstraining uitvoerden meer vooruitgingen op het gebied van
rijmvaardigheid dan kinderen die een niet-fonologische (reken)training ondergingen.
In dit onderzoek werden kinderen uit groep 1 verdeeld in twee groepen: een
groep die de lexicale specificiteitstraining kreeg en een groep die een rekentraining
kreeg. Beide groepen deden voor en na de training een aantal taakjes op het ge-
bied van spraakdecoderen en fonologisch bewustzijn, zodat de vooruitgang op die
taakjes gemeten kon worden. Uiteindelijk bleek dat de kinderen die de lexicale
specificiteitstraining hadden gekregen meer vooruitgingen qua rijmen dan de an-
dere kinderen, waardoor ik concludeerde dat deze training fonologisch bewustzijn
bevordert. Dit komt waarschijnlijk doordat er in de lexicale specificiteitstraining
veel aandacht is voor hele kleine klankverschillen tussen de nieuwe woorden, waar-
door kinderen zich bewust worden van spraakklanken. (De training had overigens
geen invloed op spraakdecoderen of op foneemidentificatie, een andere vorm van
fonologisch bewustzijn.)
Lexicale specifiteitstraining bevordert dus het fonologisch bewustzijn van kinderen
die nog niet kunnen lezen. De aandacht voor kleine klankverschillen tussen nieuw
geleerde woorden leidt dus tot het beter kunnen manipuleren van en reflecteren op
spraakklanken. Deze aandacht lijkt dus een grote rol te spelen in het pad naar
geletterdheid.
De rol van lexicale specificiteit in de ontwikkeling van
beginnende geletterdheid
De derde onderzoeksvraag was hoe (trainbaarheid van) lexicale specificiteit de woor-
denschat, letterkennis en het woorddecoderen van kinderen voorspelt. Om deze
vraag te beantwoorden heb ik de taalontwikkeling van een grote groep kinderen
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gevolgd van het begin van groep 1 tot en met eind groep 3. Omdat dit een grote
onderzoeksvraag is en omdat er veel taaltaken bij de kinderen zijn afgenomen, is
deze vraag opgesplitst in meerdere deelvragen en dus hoofdstukken. Uiteindelijk
bleek dat (trainbaarheid van) lexicale specificiteit deels medieert tussen korteter-
mijngeheugen en zowel woordenschat als rijmvaardigheid (Hoofdstuk 3), individuele
verschillen in letterkennis voorspelt (Hoofdstuk 4), woordenschatdiepte voorspelt,
meer dan woordenschatbreedte (Hoofdstuk 5) en op de lange termijn woordenschat,
letterkennis en woorddecoderen voorspelt (Hoofdstuk 6).
Toen de kinderen in het begin van groep 1 zaten, mat ik onder andere hun kor-
tetermijngeheugen, woordenschat, rijmvaardigheid en (trainbaarheid van) lexicale
specificiteit (Hoofdstuk 4). Uit de analyses bleek zoals gezegd dat lexicale speci-
ficiteit deels medieert tussen kortetermijngeheugen en zowel woordenschat als rijm-
vaardigheid. Dit betekent dat het kortetermijngeheugen direct lexicale specificiteit,
woordenschat en rijmvaardigheid voorspelt en dat lexicale specificiteit ook nog woor-
denschat en rijmvaardigheid voorspelt. Hoe goed je bent in het leren van nieuwe
woorden die op elkaar lijken, hangt dus aan de ene kant af van je kortetermijnge-
heugen, en voorspelt aan de andere kant hoeveel woorden je kent en hoe goed je
kunt rijmen.
Welke fonologische factoren letterkennis voorspellen, was de onderzoeksvraag in
Hoofdstuk 4. In dit deelonderzoek heb ik in groep 1 (trainbaarheid van) lexicale
specificiteit, snelbenoemen, kortetermijngeheugen, spraakdecoderen en fonologisch
bewustzijn gemeten. In groep 2 heb ik de twee aspecten van letterkennis gemeten,
dus zowel kennis van letterklanken als kennis van letternamen. De resultaten lieten
zien dat lexicale specificiteit meer individuele verschillen in zowel letterklankkennis
als letternaamkennis kon verklaren. Dit betekent dus dat lexicale specificiteit een
betere voorspeller is van de letterkennis van kinderen, dan de andere voorspellers.
Dus: hoe beter je bent in het leren van nieuwe woorden die op elkaar lijken, hoe meer
letternamen en -klanken je kent. Waarschijnlijk komt dat doordat letters eigenlijk
gewoon nieuwe woorden zijn: ’bee’, ’kaa’, enzovoorts.
Het onderzoek dat beschreven is in Hoofdstuk 5 richtte zich op de ontwikkeling
van woordenschat. Ik onderzocht in hoeverre (trainbaarheid van) lexicale speci-
ficiteit, spraakdecoderen en fonologisch bewustzijn in groep 2, woordenschatbreedte
en -diepte in groep 2 en 3 voorspelden. Hieruit bleek dat lexicale specificiteit woor-
denschatdiepte beter voorspelde, zowel in groep 2 als in groep 3, dan de andere
voorspellers. Zelfs als ik rekening hield met de woordenschatbreedte van kinderen,
bleek lexicale specificiteit nog een voorspellende waarde te hebben. Dit betekent dus
dat hoe goed je bent in het leren van nieuwe woorden die op elkaar lijken, voorspelt
hoe góed je woorden kent - en niet alleen hoevéél woorden je kent.
In Hoofdstuk 6 is het onderzoek beschreven waarin ik alle fonologische voorspellers
en alle aspecten van beginnende geletterdheid (woordenschat, letterkennis en woord-
decoderen) samenvoegde. Er werd dus onderzocht welke voorspellers in groep 1 en
2, welke geletterdheidsaspecten in groep 2 en 3 voorspelden. Woordenschat bleek te
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worden voorspeld door (trainbaarheid van) lexicale specificiteit, kortetermijngeheu-
gen en fonologisch bewustzijn. Letterkennis en woorddecoderen werden voorspeld
door (trainbaarheid van) lexicale specificiteit en fonologisch bewustzijn. De ontwik-
keling van goed gespecificeerde woordrepresentaties speelt dus een belangrijke rol
in de beginnende geletterdheid. Dit onderzoek liet verder ook zien dat woorden-
schat en beginnende geletterdheid in groep 2 en 3 al voorspeld kunnen worden door
taaltaken in groep 1.
Als we deze laatste hoofdstukken nu bij elkaar nemen, kunnen we de grote lijnen
bekijken. De rode draad is dat (trainbaarheid van) lexicale specificiteit een belang-
rijke rol speelt in de ontwikkeling van woordenschat en beginnende geletterdheid.
Het lijkt belangrijker te zijn dan andere, al langer en beter bekende, fonologische
voorspellers. In de verschillende (deel)onderzoeken bleek dat hoe goed je bent in
het leren van woorden die op elkaar lijken, voorspelt hoeveel woorden je kent (woor-
denschatbreedte), hoe goed je woorden kent (woordenschatdiepte), hoe goed je kunt
rijmen (fonologisch bewustzijn), hoeveel letterkennis je hebt en hoe goed je woorden
kunt decoderen. Specifieke fonologische representaties zijn dus enorm belangrijk in
het proces van leren lezen - en de vaardigheid om nieuwe woorden die op elkaar
lijken te leren, lijkt dus inderdaad een belangrijke schakel te zijn, die de andere
fonologische voorspellers aan elkaar verbindt, in de ontwikkeling van woordenschat
en beginnende geletterdheid.
Horen, zien, zwijgen: als kinderen hun aandacht richten op kleine verschillen
in hoe woorden klinken, heeft dat positieve gevolgen voor beginnende geletterdheid,
waardoor ze kunnen genieten van de wonderlijke wereld van het schrift. Rijke,
gespecificeerde representaties van woorden in het woordenboek in het brein spelen
hier een belangrijke rol in. Wat een rijkdom!
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